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EXECUTIVE SUMMARY 

BACKGROUND 

The Colbert Landfill is a 40-acre sanitary landfill located 
approximately 15 miles north of Spokane, Washington. The irmnediate 
area around the landfill is designated as rural and semirural, although 

there are a number of housing developments in the area. The three to 
five miles south of the landfill is zoned for suburban and urban 

development, and several existing housing areas are expanding. An 
estimated 1,500 people reside within a three-mile radius of the 
landfill. The landfill is situated in the valley of the Little Spokane 

River on a plateau bounded by bluffs that slope down to the river in 

the west and knobby granite and basalt hills in the east. Two 

tributaries of the Little Spokane, Little Deep Creek about 3 ~iles 

south of the landfill and Peone Creek about 2 miles further south, flow 
generally southwest or west across the plateau. The vegetation 
surrounding the landfill is dominated by ponderosa pine and an 
undergrowth of grasses. The Little Spokane River riparian zone is 
forested and also supports a variety of shrub species and broadleafed 
plants. Game animals, small birds, and small mammals inhabit the 
wooded areas, and the rivers and creek support a variety of aquatic 
species. 

The Colbert Landfill has been operated as a sanitary landfill by the 
Spokane County Utilities Department since its opening in September, 
1968. From 1975 to 1980, Key-Tronic Corporation disposed of several 
hundred gallons of organic solvents per month. Fairchild Air Force 
Base disposed of a few tens of gallons of organic solvents during the 
same period. Other potentially responsible parties may eventually be 
found to have contributed to the landfill. 

Investigations were initiated in 1980 when nearby residents compldined 

about the disposal practices to the Washington Department of Ecology, 
Eastern Regional Office. Under the direction of the Spokane County 
Utilities Department, state and county officials investigated the 

4532a 
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potential of groundwater contamination in the vicinity of the 
landfill. Nearby private wells were sampled and some were found to be 
contaminated with l ,1 ,l-trichloroethane (TCA), one of the two primary 
organic solvents disposed by Key-Tronic Corporation. The Colbert 
Landfill site was placed on the National Priorities List of hazardous 
materials release sites in August 1983. 

Beginning in 1984, the potentially responsible parties (PRPs) began 

distributing bottled water. Later they and Whitworth Water District 

No. 2 subsidized construction of a pressurized public water system as 
part of an Initial Remediation Measure (IRM) to supply the area around 
the landfill. To date, approximately 45 residences have been hooked up 
to the system. 

A Remedial Investigation (RI) was performed by Golder Associates to 
determine the extent of contamination in the Colbert area. They 
determined that the contaminants disposed of at the landfill migrated 
in primarily two directions, south in an upper aquifer and also east, 
where the contamination turned back under a confining geologic layer 
and migrated west in the lower aquifer. Most of the contamination is 
believed to be present in this juncture of the two aquifers. 

Envirosphere Company conducted a Risk Assessment (RA) of the site to 

determine potential routes of exposure which might threaten human and 
environmental health. The conclusions of this study were that drinking 
the contaminated groundwater posed the most serious human health threat 
while bathing presented a much lower health concern. If no actions are 
taken to intercept the plumes, future discharges of the contaminants 
present in the lower aquifer to the Little Spokane River might result 
in water unfit for use as a continuous drinking water source, but would 
not be expected to endanger aquatic species. 

OBJECTIVES 

The purpose of this feasibility study was to determine potential 
alternatives for remediating the contamination and/or contaminant 
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exposures at the Colbert site. Several alternatives were developed, 
evaluated, and screened to provide a ranking of alternatives 
recommended for implementation. 

DEVELOPMENT, EVALUATION, AND SCREENING OF REMEDIAL ALTERNATIVES 

Based on the findings of the RI and the RA, a stepwise process was used 

to determine potential alternatives suitable for addressing the 
contamination problems at the Colbert Landfill site. The information 

on the location and migration of the contaminated water, the 
hydrogeologic conditions, the health risks it presented, and the 
chemical and physical properties of the contaminants was used to 
i·denti fy appropriate response actions and cleanup technologies. 

These actions and technologies were combined into alternatives which 

provided remediation ranging from no-action to complete cleanup. 

Because of the extent of the contamination, it was found useful to 

divide the overall site into three areas: the southern area {S); the 
western area {W); and the eastern area {E). Four general remedial 

alternatives were identified for each area: no action; provision of an 
alternate water supply; point-of- entry or "home" treatment units; and 
extraction of the contaminated water with deep wells, treatment of the 
water, and discharge of the treated water. These preliminary 
alternatives were screened to eliminate those that did not adequately 
protect human and environmental health and those that were much more 
expensive than another alternative, but did not provide more 
protection. Point-of-entry treatment was dropped due to reliability in 
regard to health concerns. 

The remaining alternatives were then developed and described in more 
detail. Various methods of treating the contaminated groundwater were 
discussed, including carbon adsorption, air stripping, chemical 
oxidation with ozone or hydrogen peroxide, and in the western and 
eastern areas, air stripping combined with carbon adsorption as well as 
the others. Three methods of discharging the water were proposed for 
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the southern area, discharge to Little Deep Creek, a drainfield, or 
recharge wells. For the western and eastern areas, the only discharge 
option considered was an outfall to the Little Spokane River. Thus, 
12 different extraction, treatment, and discharge alternatives were 
described for the southern area, in addition to the no-action 
alternative and the provision of a pressurized public water supply. 
Four extraction, treatment, and discharge options were proposed in each 
of the western and eastern areas, along with no-action and alternate 
water supply. 

All these final alternatives were evaluated in detail for technical 
feasibility, regulatory compliance, environmental impacts, public 
health impacts, and costs. In general, the no-action alternatives 
would result in unacceptable human health impacts and would not meet 
regulatory standards. Alternate water supply alternatives would 
provide safe water, but would not treat the contamination and would be 
inconsistent with groundwater protection. The alternatives using 
groundwater extraction, treatment, and discharge were found to protect 
human and environmental health best and to satisfy groundwater 
protection policies. Differences between the treatment technologies, 
discharge methods, and costs were used to rank the different 
groundwater extraction and treatment alternatives. Based on the 

advantages and disadvantages of each alternative, a ranking of the 
alternatives recommended for implementation was determined. 

RECOMMENDED REMEDIAL ALTERNATIVES 

Based on the benefits, disadvantages and cost of the proposed 
alternatives, the following ranking of alternatives is recommended: 

4532a 
E-4 



I 
I Southern Area 

I 
Rank Alternative 

I 
1 S-5: Deep Well Extraction/Air Stripping/Creek Outfall 

2 S-4: Deep Well Extraction/Carbon Adsorption/Creek Outfall 

3 S-6a: Deep Well Extraction/Ozone/UV/Creek Outfall 

I 4 S-6b: Deep Well Extraction/M,ydrogen Peroxide/UV/Creek 

Outfa 11 

I 5 S-8: Deep Well Extraction/Air St~ipping/Drainfield 

6 s-7: Deep We 11 Extraction/Carbon Adsorption/Drainfield 

I 7 S-9a: Deep Well Extraction/Ozone/UV/Drainfield 

8 S-9b: Deep Wel 1 Extraction/M,ydrogen Peroxide/UV/Drainfield 

I 
9 S-11: Deep Well Extraction/Air Stripping/Recharge Wells 

10 S-10: Deep We 11 Extraction/Carbon Adsorption/Recharge 

\4e 11 s 

I 11 S-12a: Deep We 11 Extraction/Ozone/UV/Recharge Wells 

12 S-12b: Deep Wel 1 Extraction/Hydrogen Peroxide/UV/Recharge 

I Wells 

13 S-2: Alternate Water Supply/Water Use Restrictions 

I Unranked S-1 : No action 

I 
Western Area 

I 
Rank Alternative 

l W-5: Deep Well Extraction/Air Stripping/River Outfall 

I 2 W-7a: Deep Well Extraction/Ozone/UV/River Outfall 

Unranked W-1: No-Action 

I Unranked W-2: Alternate Water Supply/Water Use Restrictions 

Unranked W-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

I Unranked W-6: Deep Well Extraction/Air Stripping/Carbon 

Adsorption/River Outfall 

I 
Unranked W-7b: Deep Well Extraction/Hydrogen Peroxide/UV/River 

Outfall 

i 
I 
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Eastern Area 

Rank 

2 

3 

Unranked 
Unranked 

Unranked 

Unranked 

4532a 

Alternative 

E-5: Deep Well Extraction/Air Stripping/River Outfall/ 
Alternate Water Supply/Water Use Restrictions 

E-7a: Deep Well Extraction/Ozone/UV/River Outfall/ 

Alternate Water Supply/Water Use Restrictions 
E-2: Alternate Water Supply/Water Use Restrictions 

E-1: No-Action 
E-4: Deep Well Extraction/Carbon Adsorption/River 

Outfall/Alternate Water Supply/Water Use 
Restrict ions 

E-6: Deep Well Extraction/Air Stripping/Carbon 
Adsorption/River Outfall/Alternate Water 
Supply/Water Use Restrictions 

E-7: Deep Well Extraction/Hydrogen Peroxide/UV/River 

Outfall/Alternate Water Supply/Water Use 
Restrict i ans 
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1.0 INTRODUCTION 

The State of \Jashington, Department of Ecology (Ecology) on April 28, 

1986 authorized Golder Associates, Inc. to prepare a Feasibility Study 
(FS) based upon the Remedial Investigation (RI) that they conducted at 
the Colbert Landfill Site in Spokane County, Washington. This 
Feasibility Study was performed by Golder Associates 1 principal 

subcontractor, Envirosphere Company, with input from Hall and 
Associates, under Contract No. C85074, Work Assignment COLB4, Amendment 

No. 1, Program Index Code 863. The Colbert Landfill Site is currently 
on the ~Jational Priority List (NPL) under the Comprer1ensive 
Environmental Response, Compensation, and Liability Act (CERCLA) of 
1980 because of ~~aste solvents disposed in the sanitarJ landfill. The 

Remedial Investigation/Feasibility Study has been led by Ecology under 
a cooperative agreement with the U.S. Environmental Protection Agency 

(EPA) and is governed by the regulations of the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCPJ, 40 CFR Part 300, 

which implements CERCLA most recently revised by 50 FR 479i2, 

November 20, 1985. 

1.1 OBJECTIVE OF FEASIBILITY STUDY AND OVERVIEW OF REPORT 

The objective of a CERCLA Feasibility Study is to develop and then 

evaluate feasible remedial alternatives to deal with the contamination 
found at an tJPL site. This Feasibility Study provides Ecology 1Jiti1 tl1e 

necessary information on each alternative to enable them to select 
final remedial measures for the Colbert Landfill Site. 

This Feasibility Study report consists of six sections . The 
Introduction, Section 1.0, provides background information regarding 
site location and physiography, landfill nistory and operation, and 

regulatory actions. The nature and extent of tne problem, as 

identified througt1 previous studies and ti1e Remedial Investigation, is 
presented along with a description of mitigative actions. Also 
included is a summary of the Ri SK Assessment, wlli ell was previously 
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conducted to provide a quantitative determination of the potential for 
harm to the general public, and to develop a management framework for 
establishing realistic cleanup levels. The objectives for remedial 
action developed from the Remedial Investigation and Risk Assessment 
and the applicable environmental criteria and standards are then 
presented. 

Section 2.0 presents the feasible technologies identified for the 
general response actions, the technical criteria including site and 
waste characteristics that were used in the technology selection 
process, and the results of the remedial technology screening. 

Section 3.0 presents the remedial alternatives, developed by combining 
the technologies identified in the previous screening process, in the 
five categories required by the NCP. The process for the initial 
screening of remedial alternatives along with the environmental and 

public health impacts and estimated costs are described. 

Section 4.0 contains the detailed description of the cost and non-cost 
features of each remedial action alternative passing the initial 
screening in Section 3.0. 

Section 5.0 presents an explanation of the detailed evaluation process 
that was conducted as well as the results of the analyses in five 
subsections: 1) Technical Feasibility, 2) Institutional Requirements, 
3) Environmental Impacts, 4) Public Health Impacts, and 5) Cost 

Analysis. 

Section 6.0 summarizes the remedial alternatives and ranks them based 
on the results of the detailed evaluation. In addition, considerations 
for implementing the remedial alternatives are discussed. 

All of the references and previous studies cited in this document as 
well as the other documents used to conduct and prepare the FS are 
listed in Section 7.0. 
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Finally, this FS report contains several appendices: Appendix A - Risk 
Assessment of the Colbert Landfill Site; Appendix B - Remedial 
Technologies Potentially Applicable to Hazardous Waste Sites; 
Appendix C - Groundwater Modeling of Interceptor/Extraction and 
Recharge Wells in Upper and Lower Aquifers; Appendix D - NCP 
Applicable, Relevant, and Appropriate Requirements; Appendix E -
Breakdown of Preliminary Capital and O and M Cost Estimates; Appendix F 
- Evaluation of Emissions from Air Strippers; and Appendix G - Detailed 
Breakdown of Cost Estimates for Final Candidate Alternatives. 

1.2 SITE BACKGROUND INFORMATION 

1.2.1 Site Location and Description 

The Colbert Landfill Site is located in northeastern Washington in 
Spokane County approximately 15 miles north of the City of Spokane and 
2.5 miles north of the Town of Colbert (Figure 1-1). The site is a 
40-acre county sanitary landfill located about a half mile east of U.S. 
Highway 2 (Newport Highway) in the northwestern quadrant of the 
intersection of Elk-Chattaroy, Yale, and Big Meadows Roads. It is 
situated in the southeast corner of Section 3, Township 27 North, 
Range 43 East, W.M. (Figure 1-2). The total potential area of impact 
surrounding the site extends north about a half mile, west and east 
about a mile, and south approximately five miles to Peone (or Deadman) 
Creek. This total area of potential impact of approxi~ately 6800 acres 
includes parts of Sections 2, 3, 10, 11, 14, 15, 16, 21, 22, 23, 26, 
27, 28, 33, 34, and 35 of the same township and range. 

The site is in the drainage basin of the Little Spokane River, on a 
plateau bounded by bluffs down to the river on the west and knobby 
granite and basalt hills to the east. The climate is characteristic of 
eastern Washington with mild temperatures ranging from typical summer 
highs around 83°F to typical winter lows around 23°F, and a relatively 
low annual precipitation of approximately 17 inches falling mainly 
during the winter months of November through February (NOAA 1985). 
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The geology of the site consists of a series of glacially-derived 

materials laid down on an eroded landscape of clays, basaltic lava 

flows, and granitic bedrock. The stratigraphic units (layers) as 

described in the Remedial Investigation (Golder Associates 1986), from 
youngest to oldest (i.e., from the top down), are: 

A. Glacial outwash/Missoula flood sands/gravels. 
B. Glacial Lake Columbia lacustrine silts/clays. 
C. Older glaciofluvial and/or alluvial sands/gravels. 

D. Weathered basalts and Latah (landslide deposits). 

E. Unweathered Latah silts/clays. 

F. Granite bedrock. 

Figure 1-3 presents a schematic view of a cross-section of the Little 
Spokane River va 11 ey at the site of the 1 andfi 11 and shows the general 

configuration of these units. 

This specific geological system can be hydrogeologically defined as 

containing three aquifers and three aquitards. There is an aquifer 

associated with Unit A - the glacial out\'Jash/i~issoula flood deposits 
which is designated as the upper sand/gravel aquifer. Unit B - The 

lacustrine silts/clays stratum is a relatively impermeable layer which 
acts as an aquitard. The second aquifer, located in Unit C - tne older 

glaciofluvial and/or alluvidl deposits, is called the lower sand/gravel 
aquifer. The weathered zone of the basalts and Latah, Unit D, may be 
considered an extension of the lower aquifer. The unweathered Latah 
silts/clays, Unit E, serves as the second aquitard. The upper 

fractured zone of granite, Unit F, is capable of water transmission 
and, although a poor producer in most areas, it could be considered as 

an aquifer while th~ deeper, less frdctured portions of the bedrock 

serve as the confining lower boundary or aquitard to the entire 

regional flow system. 

The upper aquifer is unconfined with a water table at an approximate 
elevation of 1,770 feet, 90 feet below grou nd surface in the area of 

the landfill. The thickness of the upper aquifer varies from 8 to 15 
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feet in the central channel, decreasing as it extends toward the 
western bluffs and eastern hills. Groundwater is flowing predominately 
toward the south with velocities ranging from 4 to 13 feet per day 
(ft/day). The lower aquifer is generally a confined system, with its 
potentiometric surface at an approximate elevation of 1,680 feet, 
180 feet below ground surface in the same area. The thickness of the 
lower aquifer varies considerably from a few feet east of the landfill 
to over 150 feet as it approaches the river valley, where the aquifer 
is hydraulically connected to the Little Spokane River. Groundwater in 
this lower sand/gravel aquifer flows predominately toward the west at 
velocities ranging from 2 to 12 ft/day. Northeast of the landfill, the 
lower aquife~ is closer to the surface, and becomes unconfined, 
interconnecting with the upper aquifer. 

The vegetation in the vicinity of the landfill is dominated by 
ponderosa pine, with an undergrowth of grasses that are green in the 
spring and dry-brown by summer. Along the Little Spokane River the 
forest is somewhat denser and includes more species of trees. This 
riparian zone also supports a variety of shrub species and broadleafed 
herbaceous plants in addition to grasses. Game animals, small birds, 
and small mammals inhabit the wooded areas, and the river supports a 
variety of aquatic species, including trout. Bald eagles are seen 
occasionally along the river, especially in winter. Much of the 
landfill site itself has been cleared of trees, generally leaving bare 
soil, with occasional patches of grasses and shrubs in unworked 
sections. Adjacent to the site are both wooded areas and private 
residences. Wildlife use of the landfill property is probably limited 
to birds, insects, and perhaps small reptiles and mammals, similar to 
species found in surrounding areas. 

The population density in the vicinity of the landfill is approximately 
50 persons per square mile based on a estimate of 1,500 people within 
the 3-mile radius used for the CERCLA Hazard Ranking System. Most of 
the nearby residences are multiple-acre homesteads, although a number 
of residential subdivisions are located within the initial RI study 
area, including Wilson Heights, Open Air, Wahoo, North Meadows, and 

3910a 
1-8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Hermsmeier Additions, and North Gle n Estates. Several other 
resi den ti a 1 sub di visions are 1 oca ted further south but sti 11 within ti1e 
total potential area of impact; these include Riverview Hills Addition, 
Hilltop Addition, Ranchettes North, Ballards Addition, Colbert Heights, 
Little Spokane River Estates, Golden Estates, Meadow View, Argonaut 
Estates, Lane Park, Peone Pines, and Sherwood and Robert. In addition, 

the total potential area of impact includes the towns of Colbert and 

~ead. The area is primarily semi-rural with limited agricultural land 

use consisting of part-time farming to produce garden vegetables and 
livestock. 

1.2.2 Landfill History, Operations, and Regulatory Actions 

Colbert Landfi 11 has been operated as a sanitary l andfil 1 by the 
Spokane County Utilities Department since it was opened in September 

1968. Prior to that same year another landfill, the Co lbert Township 

dump, was operated immediately south of the present site. During the 

five years from 1975 to 1980, a local electronics manufacturing 
company, Key Tro nic Corporation, used the Colbert landfill to dispose 
of spent organic solvents, mainly methylene chloride (MC) and 

1,1,1-trichloroethane (TCA), at an average rate of several hundred 

gallons a month. These wastes were typically urought to the landfill 
in drums, and were poured out 1own the sides of open trenches to mix 
with the soil or ordinary municipal refuse already in the trench. 
During the same period, a nearby military facility, Fairc,lild Air Force 

Bdse, is also alleged to have disposed of various solvent wastes at the 
site, at the rate of a few tens of gallons a month. A variety of otiter 

chemicals (such as pesticides and refinery tar residues) were alsu 

disposed at the site but have not, to date, been detected in the 

groundwater at the site. 

In 1980 nearby residents complained to the Eastern Regional Office of 
the Ecology about these disposal practices. State and county 
officials, under the lead of the Spokane County Utilities Department, 
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initiated an investigation into complaints of groundwater contamination 
in the area by sampling nearby private wells of which some were found 
to be contaminated with TCA. 

In the past six years, a number of studies have been directed toward 
the contamination problem at the Colbert Landfill. The original 
investigation, which was initiated in response to citizen complaints as 
described above, was conducted by George Maddox and Associates. The 
Phase I study, carried out in 1981 (Maddox and Associates 1981), 
included a review of existing information on the site and in-situ 
density determinations and percolation, and recommended a groundwater 
monitoring program. Phase II studies, carried out in 1982 (Maddox and 
Associates 1982), involved the installation of thirteen monitoring 
wells, two injection tests to determine permeability, and two rounds of 
groundwater quality sampling and analysis which also included selected 
private and purveyor wells. 

In August 1983, the Colbert Landfill Site was placed on the National 
Priorities List under CERCLA by EPA. Subsequently, Spokane County and 
Key Tronic Corporation, who were both listed as potential responsible 
parties (PRPs), continued to have George Maddox and Associates sample 
and analyze well waters around the Colbert Landfill Site (Spokane 
County and Key Tronic 1986). The EPA contracted CH~ Hill to conduct 
a Remedial ActJon Master Plan (CH2M Hill 1983) which presented a 
scope of work for an eventual Remedial Investigation/ Feasibility 
Study. Also in 1983, Timothy D. Cook conducted an earth resistivity 

survey at the landfill site as part of a Masters Thesis (Cook 1985) 
which evaluated the usefulness of earth resistivity for defining the 
areal extent of groundwater contamination. 

Beginning in 1984, bottled water supplies were distributed by Spokane 
County and Key Tronic Corporation to some of the households with high 
contamination levels in their wells. Ecology entered into a 
cooperative agreement with the EPA for conducting a RI/FS at the 
Colbert Landfi 11 Site in August 1984. A "Focused Feasibi 1 ity Study for 
Initial Remedial Measures at the Colbert Landfill" (Ecology 1984a) and 
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a "Community Rel ati ans Pl an for Remedi a 1 Measures at the Colbert 

Landfill" (Ecology 1984b) 1-1ere developed in Ju ne 1984. The chosen 

Initial Remedial Measure (IRM) was to supply water to the affected area 

by constructing a pressurized water system through the ColJert 

Extension of System 9 of the Whitvrnrth Water District No. 2. The 

hookup of affected residents to this system was subsidized, again by 

the PRPs, contingent on three conditions: 

o Contamination of well water of more than 200 ~g/1 TCA 

o Proximity (less than 500 ft) to water supply mains 

o Signing of a hold-harmless agreement 

Other residents, not meeting these conditions, have also elected to 

receive this Hater supply at their own expense. All consumers, 

regardless of the level of contamination in their wells, must pay the 

full cost for monthly wate~ usage. 

Golder Associates conducted a data review of t~e Coloert Landfill Site, 

submitted their recommendation report in December, 1984 (Golder 

Associates 1984), and tnen developed a work plan for tl1e Remedial 

Investigation w11ich was submitted in January 1985. Authorization for 

Golder Associates to conduct the Remedial Investigation ~,as received in 

March, 1985. In the summer of 1985, the EPA contracted Lockheed-EMSC0 

to perform soil gas and earth resi sti vi ty surveys near the 1 andfi 11. A 

subcontractor, Tracer Research Company, performed the soil gas survey 

for three of the detected chlorinated hydrocarbons \vhile LockneeJ 

conducted the resistivity survey. The County of Spokane and :<ey Tronic 

Corporation have retained George Maddox and Associates and ABC 
Laboratory to continue monitoring of private wells in cooperation 1dth 

the efforts of Ecology and Gal der Associates through 1985 and 1986, 

respectively. 
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1.2.3 Community Concerns 

The public in the vicinity of the site has been concerned about the 
contamination since the dumping of the chemicals was reported by nearby 
residents in 1980 (see Section 1.2.2). Because all of the residences 
in the rural and semi-rural areas around the landfill were on local 
wells, they were concerned about their health if their drinking water 
supply became contaminated. They are also concerned about the 
financial impacts this groundwater contamination has brought or could 
bring upon them. These costs include loss of property values due to 
public fears, inability to sell their property due to the contamination 
stigma, the possibility that their crops or livestock might be damaged 
by the contaminated water and therefore not be saleable, and the higher 
expense that the public water system represents on a per-gallon basis 
compared to the costs they experienced previously when they pumped 
water from their own wells. Another concern which has surfaced from 
the public is that the rural or semi-rural lifestyle they originally 
chose in moving to this area could be compromised. If, for example, 
the area becomes urbanized by public policy incentives which are 
designed to make piped water more economically feasible, then the 
people feel they will have lost their rural lifestyle. This last 
concern is mitigated to some extent by the realization that the clear 
intent of the current Comprehensive Land Use Plan is to retain this 
area as a low density residential zone with agricultural and open space 
uses. These costs and concerns are difficult to quantify and therefore 
to balance against the other public health and environmental concerns, 
but they are dealt with in the course of developing and evaluating the 
remedial action alternatives in this Feasibility Study. 
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1.3 NATURE AND EXTENT OF PROBLEM 

1.3.1 Contaminants Detected 

Organics 

Six volatile organic chemicals, all chlorinated aliphatic hydrocarbons, 
were the main contaminants detected in the groundwater at the Colbert 
Landfill Site during the Remedial Investigation (Golder Associates 
1986): 

1/ 

Contaminant 

1,1,1-Trichloroethane (TCA) 
1,1-Dichloroethylene (DCE) 
1,1-Dichloroethane (DCA) 
Trichloroethylene (TCE) 
Tetrachloroethylene (PCE) 
Methylene Chloride (MC) (also 

called Dichloromethane) 

Number 
of 
Wells 

20 
19 
19 
11 

9 

11 

Maximum 
Concen11ation 
(µg/1)_ 

5,600 

190 
600 
230 

23 

2,500 

In this report, all organic contaminant concentrations will be 
presented in the units of micrograms (µg) of chemical per liter (1) 
of water. This conventional unit of measurement is essentially 
equivalent to parts per billion (ppb). 

Several other contaminants were also detected in the RI samples, but 
occurred at lower concentrations or were less widely distributed. 
Because they behave similarly to the above contaminants they were not 
considered separately for remediation in this study. 
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Contaminant 

Acetone (also called Propanone) 
Chlorofonn (also called Tric hloromethane) 
Methyl Ethyl Ketone (also called 

2-Butanone) 
1,2-Dichloroethane (also called 

Ethylene Dichloride) 
1,2- trans-Dichloroethylene 
Toluene (also called Methyl Benzene) 

Number 
of 
Wells 

3 

11 

2 

2 
5 

2 

Maximum 
Concentration 
(µg/1) 

445 

6 

14 

5 

12 

d 

In addition, other studies previous to the RI have reported detection 
of carbon tetrachloride, 1,4-Dichlorobutane, 1,2-cis-DCE, and phenols, 

although none of these were confirmed by the RI analyses. 

Inorganics 

Some groundwater samples collected and analyzed during the RI and in 
previous studies were also analyzed for inorganic contaminants. Only 

three priority pollutant metals - arsenic, cadmium and lead were 
detected at levels approaching or slightly exceeding the Federal 

Drinking Water Maximum Contaminant Levels (MCL). These levels were 
only detected in monitoring wells or private wells in the immediate 
vicinity of the landfill. Based on this limited data, there is no 
evidence of their migration with the other organic contaminants. The 

private wells in which these metals were detected are no longer in use 
due to the organic contaminants; therefore, assessment of technologies 
for remediation of dissolved metal species is not warranted at this 
time. 
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TABLE 1-1 

IDENTIFIED CONTAMINANTS AND THEIR CHEMICAL AND PHYSICAL PROPERTIES 
(at atmospheric pressure and 20°C, unless otherwise indicated) 

Loq 
EPA Log Octa- Organic 

Chemi- Hazar- Henry's Maxi- nol/ Carbon/ 
Ca 1 Ab- dous Sat- Law mum Water Water Kine-
strac t Waste Hole- Helt- Boil- Vapor urated Constant Solu- Spec- Parti- Parti- mat ic 
Service No. (40 cular ing ing Pres- Vapor Cone. (lo-3 ability ific tion tion Visco-

Abbrev- (CAS) CFR Weight Point Point sure Density in Air atm m3 in Water Grav- Coeff. Coeff. Cit~ 
iation No. 261.33) (g) (OC) (oc) (nm Hg) (Air=l) (g/m3) /mol) (mg/1) fty (Kow) (Koc) (mm /s) 

1, 1, 1-Tric h loroethane 
(CH3CCl 3) TCA U226 71-55-6 133.41 -32 71-81 100 4.63 726 4.92 1700-4400 1. 35 2.17 2. 19 0.65 

1,1-0ichloroethylene 
(CH2 = CCl2) DCE U078 75-35-4 96.95 -122.5 31.9 500 3.25 2640 150 40 1.22 2.13 1.81 

I-' 1,1-Dichloroethane 
I (CH3CHCl2) DCA U076 

I-' 
75-34-3 98.96 -97.4 57.3 180 3.42 986 4. 31 5500 1.17 1. 79 1.48 

Ul 

Trichloroethylene 
(ClCH = CCl2) TCE U228 79-01-6 131.5 87 86.7 60 4.54 415 11. 7 1070 1.46 2.29 2.19 0.40 

Tetrac h loroethylene 
(Cl2C = CCl2) PCE U210 127-18-4 165.83 -23 121 16 5.83 126 28.7 150 (25°c) 1.62 3.03 2.48 

Methylene Chloride 
(or Oichloromethane) 
(CHzCl2) HC 0080 75-09-2 84.93 -97 40-42 349 2.93 1549 3.19 13000- 1. 33 1.25 1.4 0.32 

20000 

Sources: Golder Associates 1986, Verschueren 1983 
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Physical and Chemical Parameters 

Physical and chemical parameters for the six main contaminants are 
presented in Table 1-1. Of main concern for remediation of the 
groundwater is the capability of removing or treating these 
contaminants as indicated by the following parameters: 

o Henry's Law constants, vapor pressure, or saturated 

concentration in air-- indicate relative capability of compound 

to vaporize, i.e., transfer from water to air; 

0 

0 

Maximum solubility in water-- indicates relative capability of 

compound to dissolve in water; 

Partition coefficients (Kow' K
0
c)--indicate relative 

capability of compound to transfer from water onto solid 
materials such as soil or activated carbon. 

For example, DCE, with high vaporization parameters, can be more easily 

removed from water by an air stripping process than TCE or PCE. On t he 

other hand, PCE, with high partition coefficients, would be more 

effectively removed by carbon adsorption tnan would MC. 

1.3.2 Extent and Mi gration of Contaminants 

Soi 1 s 

Although the contaminants placed into the landfill obviously traversed 
a considerable thickness of unsaturated soil to reacl1 the groundwater, 
the drilling program carried out during the RI found little trace of 
these chemicals in the soil samples obtained. This is thought to be 

due to a combination of influences from drilling procedures 
(volatilization of the compounds by the air circulation of the air 
rotary drilling) and from natural forces ~'lhich have l1ad sufficient time 
to drive off virtually all the contamination which might have 
originally adsorbed onto the soil particles. The only contaminant of 
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concern which was detected in any of the soil samples from auger or 
well borinys was methylene chloride (MC). It was measured at levels of 
about 4 milligrams per kilogram (mg/kg) in auger borings from the 
intermediate cover and garbage within the landfill. This was 
unexpected since MC had not been detected in the upper aquifer beneath 

the landfill. Similar concentrations of MC were also detected in well 
borings of the lower aquifer in the immediate vicinity of the 

landfill. For these deeper borings, the presence of MC was probably 

due to its lower volatilization compared to the other contaminants, and 

the presence of higher MC levels in the lower aquifer. It should also 
be noted that MC is a common laboratory chemical and when it is found 

in concentrations below 10 mg/kg in soils, it is possible that it was 
introduced accidentally during analysis . 

Another form in which contamination exists in the soil at the site is 

in the soil atmosphere. Chapter 3 of the RI Report (Golder Associates 
1986) describes the soil atmosphere survey carried out in August 1985 

by Tracer Research. They tested for three of the contaminants known to 
exist in the groundwater, TCA, TCE, and PCE, at probe depths of 3 to 

5 feet. Draft results for TCA were presented in Figure 3- 3 of the RI 
Report, and showed detectable levels of soil gas contamination over 

much of the area where groundwater contamination has been found, both 
in the upper and lower aquifers. Maximum soil gas concentrations of 
TCA were in the 100-200 µg/1 level (except for one reading of 940 µg/ 1) 
and were generally found in a semicircular pattern around and to the 

east of the 1 andfi 11, an area where II secondary sources II of the . 
contaminants are suspected to lie. Secondary sources are points where 

contaminants migrating from their original disposal site collected and 

from which contaminants are now migrating. 

Much lower levels of TCE and PCE than TCA were detected in the soil .. 
atmosphere during this investigation. According to a map of "Unchecked 
Field Values" obtained from the EPA (1985), the highest quantified soil 
gas concentration of TCE at 0.09 µg/1 was measured southwest of the 
landfill. However, an area to the northeast of the landfill is 
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identified as having concentrations above 0.5 ug/1. Note that this is 
the same area where secondary sources of contamination are suspected. 
For PCE, the highest measured soil gas concentration was 1 ug/1 

northwest of the landfill, in- the vicinity of tile t1ighest levels of PCE 

groundwater contamination (23 µg/1 J found during the RI. 

Groundwater 

Included in the RI (Golder Associates 1986) are contour maps (Figures 

5-17 through 5-25) showing the distribution of the contaminants of 

concern in the two aquifers associated with the Colbert Landfill Site: 

a . 1,1,1-Trichloroethane (TCA) 

b. 1,1-Dichloroethylene (DCE) 
c. 1,1-Dichloroethane (DCA) 

d. Trichloroethylene (TCE) 
e. Methylene chloride (MC) 

These maps are presented here in reduced form as Figures 1-4 and 1-5 in 
order to show the general pattern in which each contaminant has spread 
in the upper and lower aquifers respectively. 

The maximum levels of these contaminants, plus tetrachloroethylene 

(PCE), which were detected in the 1985 RI groundwater sampling program 

are summarized in Table 1-2. These values are rather dynamic and 

suffer from two limitations for representing tile maximum contamination 
levels in the aquifers. First, they fluctuate due to movement of the 

plu~es, variations in sampling, or laboratory inaccuracies. Second, 

the wells may not be located at the point of highest concentration in 

the aquifer. Nevertheless, they indicate the relative magnitude of the 

problem in the two aquifers. 

As can be seen in the distribution maps, the contamination has spread 
much further i 11 the upper aquifer than it has in the lower, with tne 

upper aquifer plume extending south of the landfill toward the town of 

Colbert. The lower aquifer plume, on the other hand, has proceeded 
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TABLE 1-2 

MAXIMUM CONTAMINANT CONCENTRATIONS IN GROUNDWATER AT 

COLBERT LANDFILL SITE 

Concentration (µg/1) 

Contaminant 

1,1,1-Trichloroethane (TCA) 

1,1-Dichloroethylene (DCE) 

1,1-Dichloroethane (DCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

Methylene Chloride (MC) 

Upper Aquifer Lower Aquifer 

1,300 5,600 

47 190 

600 .!/ 420 

n l/ 230 

23 1 

Niif 2,500 

1/ Latest concentrations recorded in 1984 by George Maddox and 
Associates in Well CS-13 which could not be sampled in 1985 
due to low water levels. 

2/ ND= not detected to date in any well in aquifer. 

Source: Golder Associates 1986. Measurements are from the Fall/Winter 
1985 RI samples by Golder Associates, except as noted below. 
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further north and southeast. The highest levels of contamination in 

the groundwater are divided between the two aquifers, with TCA, DCE, 

TCE, and MC found at higher concentrations in the lower aquifer, with 
DCA and PCE more concentrated in the upper aquifer. 

Section 5.4.1 of the RI (Golder Associates 1986) presents an estimate 
that only about 10 percent of the TCA documented to have been disposed 
at Colbert Landfill can be accounted for in solution in the 
groundwater. It has been proposed that substantial quantities of the 
contaminants remain at the bottom of the aquifers in the form of dense, 
nonaqueous phase liquids (DNAPLs), i.e., relatively undiluted chemicals 

existing as separate liquids rather than in solution in the 
groundwater. While it is difficult to estimate how much was lost to 
volatilization at the time of disposal and subsequently during 
contaminant migration, it appears possible that some portion of the 

remaining 90 percent of this material could remain in the subsurface in 
DNAPL form. Since these chemicals have a density greater than water, 
they are likely to have flowed along the bottom of the upper aquifer 
under gravitational influence. Contaminant flow would then occur both 

to the east and to the west since, according to stratigraphic 
interpretation, the landfill is situated over a ridge formed by the 
upper surface of the lacustrine silt/clay aquitard, which slopes to 
both the east and the west. The DNAPL flow would continue along the 
bottom of the aquifer until it came to a confined low point where it 
could pond. There it would remain and slowly release its chemical 
constituents into the groundwater flowing over it. A schematic 
illustration of this contaminant migration is reproduced from the RI 
Report as Figure 1-6. 

The quantity of these DNAPL residuals is impossible to determine with 

any accuracy. Their location is likely to be to the north and east of 

the landfill, and probably more in the lower aquifer than in the upper 
aquifer. The existence of these constituents is further indicated by 
the centers of contamination in the lower aquifer being shifted toward 
the northeast (see Figure 1-5), and by the high levels of contaminants 
detected in the groundwater at this depth despite the fact that the 
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lower aquifer should be further from the original source. As such, the 
hypothetical pools of contaminants at the bottom of the aquifer would 
constitute secondary sources which could cause continuing groundwater 

contamination for an extended period of time. 

Upper Aquifer: 

In the upper aquifer, the fronts of the contamination plumes for TCA, 
DCE, and DCA have extended over the past 8 to 10 years as far as 9000 
feet south of the landfill (see Figure 1-4). Golder Associates (1986) 
calculated a solute plume velocity of about 3 ft/day for the TCA plume 

by two separate methods. The other contaminants mentioned above appear 
to have similar velocities. These transport rates are likely to 

continue for the next several years, although the stratigraphy in the 
area ahead of the plumes is less well understood and so cannot be used 
to confirm this. The plumes appear to be headed toward the town of 
Colbert. A portion of the upper aquifer appears to move toward a 
granite knob just north of the town, where runoff from the eastern 
hills and the upper aquifer infiltrate down into the lower aquifer, 
which flows westward to the Little Spokane River Valley. Therefore, 
contamination in the upper aquifer could migrate into the lower aquifer 

and continue west. 

An estimate was made of the extent that these upper aquifer contaminant 
plumes could reach if not remediated (see Figure 1-7) . This was based 
on an interpretation of the topography of the site and general vicinity 
as shown on the USGS Mead and Dartford 7.5-Minute Quadrangles, the 
regional geology as derived by Griggs (1973) and shown in Figure 2- 1 of 
the RI Report, and the stratigraphy and hydrogeology of the site 
delineated in the course of the Remedial Investigation. The upper 
aquifer plume seems to be advancing toward the south along a trough in 
the (Lake Columbia) lacustrine silt/clay aquitard. This is most likely 
an ancient channel incised in the lake bottom during flooding events 
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following the draining of the ice age lake. The channel has a definite 
continuity and follows the ancient valley bounded by the granitic hills 
and older glacial outwash materials to the east, and the bluffs down to 
the Little Spokane River to the west. There are no obvious discharge 
areas although portions of the flow may discharge as small springs on 
the western bluff, feed Little Deep Creek where it is perennial south 
of Green Bluff Road, or drain down through a connection into the lower 

aquifer. The bulk of the flow, and thus ultimately the plume, however, 
could continue south all the way to Peone (or Deadman) Creek. The 
overall course of the channel would be approximately parallel to 
Highway 2, except that it could veer somewhat to the west as it 
approaches Peone Creek in order to avoid the granitic knob beyond ·and 
align with the westerly course of the Little Spokane Valley. 
Groundwater flows from other areas, such as Peone Prairie to the east, 
would also divert the plume to the west. 

In the absence of more precise stratigraphic and hydrogeologic 
information, this reconstruction is a reasonable one rather than worst 
case. The only unknown is the exact location of the plume within this 
general channel course. Extrapolating the 3-feet-per-day advance of 
contaminants calculated to date, the plume would span the remaining 
four miles to Peone Creek in about 20 years. The width and depth of 
the saturated flow and the cross-sectional area in the channel could 
cause this schedule to be off by several years. Clearly, however, it 
is possible that any wells in the upper aquifer in the area delineated 
in Figure 1-7 and Plate 1 could become contaminated during the 30-year 
planning period of this Feasibility Study. Because the source rate 
feeding the plume has diminished little to date, it is possible that 
the plume could even reach Peone Creek before contamination levels in 
the vicinity of the landfill were significantly diminished. 

Various processes could occur that may cause the quantity of 
contaminants in the plume to decay and thereby diminish in 
concentration during such a long period of transport. These include: 
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0 Volatilization into vadose soil gas) and then into the 
atmosphere; 

0 Adsorption onto soil particles) particularly organic matter; 
0 Microbial degradation; and 
0 Hydrolysis) the decomposition of a chemical compound by 

reaction with water. 

All of these processes have limiting factors that may reduce their 
effectiveness. For example) volatilization is governed by the rate of 
diffusion of the chemical through the groundwater and the vadose zone; 
these pathways are circuitous and thus can slow the process 
considerably. Adsorption is limited by the scarcity of organic matter 
in the glacial outwash materials. Biological activity is inhibited by 
the general absence of nutritive matter to support it) and the process 
is a multistep one in which some of the steps are very slow. Lastly) 
hydrolysis is only partially effective on these specific hydrocarbons. 

Of all these processes, volatilization of the compounds via the vadose 
soil atmosphere appears the most likely. Some evidence of this process 
occurring appeared in the results of the soil atmosphere survey which 
was conducted at the site by Tracer Research. Levels of soil gas) 
specifically TCA in the 100 ug/1 range, were detected at depths of 3 to 
5 feet below the surface, mainly over areas found to have some of the 
highest concentrations of groundwater contamination. 

Although these studies have been conducted, it is impossible to tell at 
what rate these volatilized compounds are escaping from the soil into 
the atmosphere. The rate of soil gas/atmosphere interchange is 
influenced by several driving forces such as displacement by recharge 
from precipitation, fluctuations in groundwater level, changes in 
barometric pressure, and natural diffusion processes. Therefore, 
natural vaporization cannot be relied upon to significantly reduce 
aquifer contamination. 
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Based upon the fact that the concentration levels, at least for the 
contaminants TCA and DCE, were fairly consistent over most of the 
plume, it appears that the natural degradation is slow. If degradation 

was occurring, the concentration of contaminants at the front of the 
plume would have diminished. As a result, it will be a very long time 

before the upper aquifer becomes decontaminated by natural processes. 
For the most part the contamination will decrease only as the secondary 
sources are used up. If indeed only about 10 percent of the chemicals 
have gone into solution in the past 8 to 10 years since disposal 
occurred, then, at the same rate, dissolution of the entire volume of 
contaminants would require 50 years. However, it is very possible that 

the emission rate from the secondary sources could diminish over the 
years as the more soluble contaminants are exhausted. As a result, the 
plume could continue to exist for a longer period of time at a lower, 
but still significant, concentration level. 

Lower Aquifer: 

The RI Report did not develop a plume velocity for the contaminants in 

the lower aquifer partially because the plume has not advanced far 

enough to provide the data required to make any accurate estimates, but 

also because the hydrogeology of this aquifer is complicated and a 
simple answer would be misleading. Migration of the contamination to 

the west, for example, is expected to slow down considerably over the 
next several years as the plume moves into thicker saturated zones 
around the river (see Figure 1-3) . 

Tracking the extent of the lower aquifer plume into the future, as was 
done for the upper aquifer plume in the previous section, predicts a 

much smaller area of impact (see Figure 1-8). It is unknown however, 
whether the upper aquifer communicates with the lower aquifer in areas 
other than those identified east of the landfill. Another location 
where the aquifers may be connected is in the area around the granite 
knob north of the town of Colbert. The flow vectors in the upper plume 
appear to divert toward this direction as though there is a partial 
sink in this area. If this connection does exist and contamination 
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from the upper aquifer plume enters the lower aquifer, it may affect 
residents who pump their water from the lower aquifer in the area 
between the town of Colbert and the Little Spokane River. 

Some of the same natural reduction processes mentioned in the previous 
section could also occur in the lower aquifer to reduce contamination, 
albeit very slowly. The volatilization pathway through vadose zone 
soils is active in areas where the aquifer is unconfined despite its 
depth, as can be seen in the results of the Tracer Research soil 
atmosphere survey. In the areas, though, where the aquifer dips below 
an aquitard to become confined, there is no air interface in which 
interchange can occur, . so volatilization will be much slower. Thus, 
natural restoration of the lower aquifer will require substantially 

more time than the fifty or more years estimated for the upper aquifer. 

Surface Water 

The nearest surface water body to the site is the Little Spokane River 
below the bluffs, approximately one half mile west of the landfill. 
Although the river water has not been tested to date, due to the 
configuration and extent of the current groundwater plumes, it appears 
that none of the main contaminants of concern are presently reaching 
the river. 

There is a small amount of seepage emerging from the upper aquifer at a 
few locations along the valley walls in areas where that aquifer i s 
known to be contaminated. One of the discharge points, the King 
Springs, was sampled by Ecology personnel and found to have an initial 
TCA contamination level of 111 µg/l as it emerges from the aquifer. 
This level of contamination is consistent with other levels found in 
the groundwater in the vicinity. The contamination, however, 
diminished rapidly as the water trickled as little as 10 feet away, 
apparently due to the contaminants volatilizing into the air. 
Contamination reaching the Little Spokane River from any of these 
springs several hundred feet away will be dissipated to undetectable 
levels. 
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The contamination in the lower aquifer has not reached the vicinity of 
the river; but when it does, it will flow into the river below the 
water surface and not be subjected to the same immediate aeration 
processes. Future contaminant concentrations were predicted (see 
Table 1-3) based on four assumed conditions: the present-day flux of 
the chemicals in solution in the lower aquifer beneath the landfill; 
unimpeded transfer from the aquifer to the river; full mixing in the 
river; and no volatilization from tne river surface. 

In fact, the levels attained immediately upon mixing will be diminisned 

through in- stream processes, predominantly aeration, before the Little 

Spokane reaches the Spokane River some 20 miles downstream, at wnich 

point the flow in the larger river will further reduce the contaminant 
levels. 

1.4 RISK ASSESSMENT 

A Risk Assessment (RA) of the Colbert Landfill Site was conducted to 
provide a quantitative determination of the potential for harm to the 

general public as a result of exposure to site contaminants and to 
develop a management framework for establishing realistic cleanup 

levels (refer to Appendix A for complete text). Three primary pathways 
potentially expose humans to the contaminants, whic~ include both 
carcinogenic and noncarcinogenic compounds. The pathway of most 
concern is ingestion, as site groundwaters are presently used as a 
potable water supply by many residents in tne Colbert ared. In 
addition, many residents of the community use their properties fur crop 
production and livestock grazing. Therefore, a potential risk to human 
health also occurs from the ingestion of crops irrigated by or grown in 

contaminated water and ingestion of beef or dairy products from 

livestock grazing in the area. Pathways of less concern, but still 

evaluated in this RA, are dermal contact from bathing and inhalation of 

volatile contaminants, and health impacts for livestock drinking 

contaminated water. 
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TABLE 1-3 

ESTIMATED CONTAMINAIH FLUXES IN LO\~ER AQUIFER 
AND RESULTANT FUTURE CONCENTRATIONS IN LITTLE SPOKANE ~IVER 

Contaminant 

1,1,1-Trichloroethane 
(TCA) 

1,1-Dichloroethylene 
(DCE) 

1,1-Dichloroethane 
(DCA) 

Trichloroethylene 
(TCE) 

Methylene Chloride 
(MC) 

Colbert Landfill 

Present-day 
. Flux 

( g/day i 

9700 

680 

730 

95 

4400 

Maximum Future River 
Concentration (µg/1) 

Mean River fl ow 
conditions 

qavg = 236 cfs 

17 

1. 2 

1.3 

0.2 

7.6 

Drought fl ow 
conditions 

q7,10 = 75 cfs 

53 

3.7 

4.0 

0.6 

24 

Source: Golder Associates 1986. 
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1. 4.1 Methodology 

The procedure developed by Envirosphere for this RA represents a 
synthesis of the analytical framework developed by EPA for the 

Superfund Risk Assessment process and the risk assessment methods used 
for nuclear . power plants which have been accepted in the professional 
community. The assessment process for this site included the 
evaluation of exposure and toxicity and the quantitative determination 
of Maximum Acceptable Concentrations (MACs) for contaminated 
groundwater. 

The six main contaminants of concern that were found in the groundwater 
samples and their EPA carcinogenicity designation are indicated below. 

Risk 
Assessment 
I ndi ca tor Non- Suspected 

Contaminant Contaminants Carcinogen Carcinogen Carcinogen 

1,1,1 -Trichloroethane (TCA) X X 

1,1-Dichloroethylene (DCE) X 

1,1-Dichloroethane (DCA) X 

Trichloroethylene (TCEJ X 

Methylene chloride (MC) X X 

Tetrachloroethylene (PCE) X 

Three of the contaminants are known carcinogens (TCE, PCE, MC), two are 
noncarcinogens (DCA and TCA) and one is a suspected carcinogen (DCEJ, 
although the classification for OCE is not definitive . The most recent 
decision by the EPA on the carcinogenic potential of OCE was for the 
promulgation of Recommended Maximum Contaminant Levels (Rf.lCLs) for 

Volatile Synthetic Organic Compounds (50 FR 46880, November 13, 1985) 

where it was treated as a noncarcinogen. While tnis designation can be 
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taken as definitive, this RA analyzed the risk associated with DC£ in 
both respects, so that the decision makers could judge the significance 

of this question. 

The EPA Superfund risk assessment process is based on selecting 
indicator chemicals for the site that pose the greatest potential 
public health risk as a result of their toxicity and environmental 

behavior. EPA advises that chemicals from both the noncarcinogen anJ 

potentially carcinogenic groups be selected. For this RA the indicator 

contaminants selected include MC, TCA, and DCE; thus, both carcino~ens 

and noncarcinogens were included. 

Simple algebraic models (equations) were used to estimate the transport 
to anJ intake of contaminants by humans and livestocK. The model 
parameters used for each of the three exposure pathways were determined 
from the existing 1 i terature after performing an extensive 1 i terature 
search. The RA (Appendix A) defines all model parameters, assumptions, 

and the limitations inherent in the equations. Probability 

distributions were developed for those parameters for which 

environmental behavior cannot be specified with certainty. 

1.4.2 Risk Assessment of Contaminants 

For each of the indicator contaminants identified above, Acceptable 
Doses (AD) were derived. Noncarcinogen AOs were based on available 

toxicity data that indicate a no adverse effect level. For carcinogens 
the ADs were based on a one-in-a-million (10- 6) or one-in-a-hundred

thousand (10- 5) chance of developing cancer from a lifetime exposure, 
using the EPA Cancer Assessment Group (CAG) evaluation of the cancer 
potency. The different pathways were analyzed as sequences of steps, 
with partitioning of contaminants occurring at each specific step. The 

results of these calculations are presented in Table 1-4 as Maximum 
Acceptable Concentrations (MAC) values which should not be exceeded in 
water used for drinking (ingestion) or bathing (dermal). The Federal 
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TABLE 1-4 

RESULTS OF RISK ASSESSMENT FOR INGESTION ANO DERMAL EXPOSURE!/ 

Acceptable Dose MAC Values ( 119/l) 
EPA Maximum 

(119/da;tl ln9estion Pathway Dermal Excosure Proposed Concentrations (1,1~/1) 4/ 
Detected Indicator Non- Non- on- HCL Upper ower 
Contaminant Parameter Ca rel nogenY Carcinogen Carcinogen Carcinogen Carcinogen Carcinogen (119/1) Aquifer Aquifer 

1,1,1 -Trichloro- Yes 400 200 'J7,000 200 1,300 5,600 
ethane (TCA) 

1,1-0ichloro- Yes 0.06 14 0.03 7 10 3,050 7 47 190 
ethylene (DCE) 

1,1-0ichloro- No 8,100 4,050 NA H None 600 420 
ethane (OCA) 

Trichloroethylene No 6.4 3.2 NA 5 72 230 
(TCE) 

Tetrachloro- No 1.4 o. 7 NA None 23 1 
ethylene (PCE) 

Methylene Chloride Yes 5 2.5 1,200 None NOY 2,500 
(HC) 

1/ See Risk Assessment document (Appendix A) 
Z/ Data for carcinogens is given for the 10-6 (one-in-a-~illion) risk level only. MAC values for a 10-5 (one-in-a-thousand) risk levels can be 

computed by multiplying the MAC by 10. 
3/ NA= not analyzed as part of Risk Assessment. 
4/ From Table 1-2. 
5/ NO = not detected to date in any well. 
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Drinking Water Maximum Concentration Levels and the maximum 
concentration detected in the upper and lower aquifers are also 
presented for comparison. 

Figures 1-9 and 1-10 show for each aquifer the approximate extent of 
groundwater which is contaminated above the MAC values, (see 

Table 1-4). Most of the area within the aquifers where TCA, DCE, TCE, 
and MC have been detected have concentrations above their corresponding 

MAC values. Table 1-4 also reveals that the highest levels of DCA 
reported in either aquifer are still not above the MAC value for that 

chemical. Neither DCE in the lower aquifer nor MC in the upper aquifer 
have been measured at high enough concentrations to constitute a risk 
higher than the one-in-a-million (10-6) chance of contracting cancer 
in this RA. 

It is anticipated that if the contamination plume in the lower aquifer 
migrates far enough to the west to reach the Little Spokane River, 
which would likely occur if no remedial actions are conducted, the 
concentrations of these contaminants in the river could increase, 
perhaps up to detectable levels. The risks of these future contaminant 
levels can be assessed by comparing the predicted concentrations of 
constituents in the river from Table 1-3 with the MAC values presented 
on Table 1-4 for the ingestion and dermal scenarios. The assumptions 
made to predict detectable in river concentrations are conservatively 
high, because the turbulence of the water in the Little Spokane will 
probably cause most of these contaminants to volatilize very quickly. 
The concentrations predicted for MC in the river, both for mean flow 
and drought conditions, exceed the ingestion MAC value. None of the 
other chemicals are expected to enter the river in sufficient 
quantities to exceed their MAC values, and none of the MAC values for 
the dermal scenario are exceeded. Comparison of the predicted future 
contaminant levels in the Little Spokane River to ambient water quality 
criteria for the protection of freshwater aquatic species revealed that 
these concentrations would be several orders of magnitude too low to 
affect aquatic life, at least to the extent that these criteria are 
available. 
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APPROXIMATE EXTENT OF WATER IN UPPER 
AQUIFER CONTAMINATED ABOVE MAC VALUES 

OR EPA PROPOSED MCLs (see Table 1-4) 
FIGURE 1- 9 I "------------------1-37 - - -------------
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The Risk Assessment also predicted contaminant concentrations for 

indoor air based upon either taking a shower or a full-day of househo ld 
water usage, and upon groundwater with the highest contaminant level. 

These air concentrations, for the i ndi ca tor parameters TCA, DCE, and 

MC, were found to be below the Occupational Safety dnd Healtt1 

Administration (OSHA) or National Institute for Occupational Safety and 

Health (NIOSH) standards for air exposures. 

For the purposes of remediation, a single MAC level was chosen for each 

chemical . It is conventional to use the 10-6 (one-in-a-million) 

cancer risk for carcinogens and the EPA Recommended Contaminant Level 

(RMCL) for noncarcinogens (including OCE in this latter category). 

These values, as shown in Table 1-4, guide the remediation efforts for 

the Colbert Landfill Site. 

1.4.3 · Risks to Human Health and the Environment 

Based upon the Risk Assessment which was performed, the following 

conclusions were made concerning risks to human health and the 

environment from contaminants associated with the Colbert Landfill Site. 

o Concentrations for the contaminants TCA, DCE, TCE, and MC 

frequently exceed their human ingestion MAC values for bot,, of 

the aquifers. Therefore, drinking the water from contaminated 

wells poses the most significant risk to human health. The 

subdivisions that are already within the areas of aquifer 
contamination above the MAC values are: Wilson Heights, Open 

Air, Wahoo, North Meadows, and Hermsmeier Additions. Other 

subdivisions which are in the total potential area of impact 

include: North Glen Estates, Ranchettes North, Hilltop 

Addition, Riverview Hills Addition, Little Spokane River 
Estates, Colbert Heights, Golden Estates, Ballards Addition, 
Meadow View, Argonaut Estates, Lane Park, Peone Pines, and 
Sherwood and ~obert. Some of these suodivisions or portions 
of them are dlready known to be on \.Jhitwortll Water 
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District No. 2, however, the Meadow View and Kellogg Wells, 
which presently serve System 9, could become contaminated by 
the advancing plume. 

Exposure from ingestion of crops grown in contaminated waters 
does not pose a significant health risk due to the volatile 
nature of the contaminants and the location of the 
contaminated aquifers below the root zone of local 
vegetation. Similarly, a human health risk is not expected 
from the ingestion of beef or dairy products. 

Some contaminant concentrations exceed the dermal MAC values 

for MC and DCE both as a carcinogen and noncarcinogen; 
therefore, batning in contaminated water could pose a risk to 
human health. 

Although exceedances of the MAC values for MC could occur in 
the Little Spokane River, the river is not used as a potable 
supply. 

Therefore, human health risks are negligible, as only 

incidental ingestion is expected. Since no exceedances of the 
dermal MAC values occur for any of the indicators, swillliling in 
the Little Spokane River does not appear to pose a risk to 
human health. 

The inhalation exposure to volatile organics was calculated 
using two different models of showering and normal domestic 
water use, both of which indicated that volatilization of 
organics does not present a public health risk. 

By applying methods similar to those used to establish human 
drinking water criteria, maximum acceptable intake levels from 
water were estimated for horses. No exceedances of the 
computed horse MAC value occur in groundwater, springwater or 
surface water for the noncarcinogens TCA and DCE. Therefore, 

1-40 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

no toxicity to l1orses is expected from chronic ingestion of 

water from these sources. Insufficient horse cancer data is 
available for synthetic organic chemicals to enable 

quantification of the health risks to horses resulting from 
the ingestion of water-borne carcinogens. However, because 
these chemicals have been shown to be both mutagenic and 
carcinogenic, adverse effects to horse health are possible. 

In light of tile volatility of these contaminants, livestock 
owners may reduce animal exposure levels by aeration of trough 
drinking water. 

1.5 OBJECTIVES OF REMEDIAL ACTION 

The principal goal for any hazardous waste site remediation is the 
present and future protection of human health and the environment. 

Each waste site has particular contaminants and associated routes of 
exposure. Adverse impacts associated with these contaminants and 

exposure routes may exist at present, or there may be potential future 
impacts resulting from contaminant transport or changes in contaminant 

disposition and site use. In this section, the objectives which will 
guide the remediation efforts at the site are developed based on 

evaluation of the risk posed by the main contaminants of concern, the 
affected populations, and potential exposure routes. 

1.5.1 Site Hazards to Human Health and the Environment 

The Risk Assessment (Appendix A) evaluated three exposure patln,ays ~litl1 

potential adverse impacts to human health and the environment. The 
first pathway is ingestion of groundwater containing more than the 

Maximum Allowable Concentrations (MAC) of 200 ug/1 TCA, 7 µg/1 OCE, 
3.2 ug/1 TCE, 0.7 µg/1 PCE, or 2.5 µg/1 MC (see Table 1-4). A second 

· potential health risk is dermal contact with groundwater contaminated 
with MC greater than 200 µg/1. Finally, chronic ingestion of water 

from tne Little Spokane River could result in adverse impacts due to~[ 
contamination several years hence, if contamination in tne lower 
a qui fer reaches t11e river. H0\1ever, adverse impacts from this 1 ast 
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route are highly unlikely since the river is apparently not utilized as 

a drinking Wdter source and since the predicted concentration values 
were based on conservative estimates. Other pathways of contaminant 

exposure were also investigated but found not likely to pose a threat. 
Ti1ese include inhalation of volatilized contaminants during showering 

or in normal indoor household activities; ingestion of vegetables, beef 

or dairy products; and impacts on livestock or freshwater aquatic life 
in the Little Spokane River. 

1.5.2 Remediation Objectives 

The remediation objectives for the Colbert Landfill Site are based 

primarily on the above contaminant exposure pathways, specifically, 

ingestion of and dermal contact with contaminated groundwater and, to a 

much lesser extent, ingestion of Little Spokane River water. In 
addition, one must consider possible future impacts. Different uses of 

the site, transport of the co~taminants, and changes in contaminant 
disposition may result in exposures that are not presently occurring. 

For this reason, remediation objectives also encompass the projected 
future situation. 

A list of remediation objectives, in order of importance, is presented 

in Table 1-5. The first and most important objective is clearly the 
protection of human health by preventing ingestion of water 

contaminated above the MAC levels listed in Section 1.4.2. Because 
ingestion and dermal contact are both caused by contamination in 

domestic water supplies, and because the dermal contact route is much 
less significant, protection from dermal contact is ensured by 

protecting from ingestion. Thus, a safe source of ~ater must be 
provi decJ in cases 1vilere the current supply exceeds acceptable ingestion 

MAC values. This objective must be extended to areds where water 
supplies may become contaminated by pollutant migration. 
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1. 

2. 

3. 

4. 

TABLE 1-5 

REMEOIATIOi~ OBJECfIVES: COLBERT LANDFILL SITE 

Protect public from exposure to dangerous levels of contamination 
in water supplies. 

Prevent the deterioration of groundwater presently not contaminated: 

a. Upper aquifer south of plume, toward the town of Colbert. 

b. Lower aquifer west of landfill, toward Little Spokane River. 

Protect the Little Spokane River and other surface waters from 
contamination. 

Improve quality of groundwater already contaminated: 

a. Upper aquifer. 

b. Lower aquifer. 
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The second objective is the protection of the groundwater resources. 

It wou l d require that the ground\vater, as a natura 1 resource, be 

protected in its own right. This objective can be related to the first 
objective in that ultimately the public and the environment \vould be 
protected from t1armful exposures at the Co 1 bert Landfi 11 Site if the 

groundwater resources are protected. Thus, the same ingestion MACs are 
appropriate here as desired remediation levels. The major concern of 

this objective is to prevent contamination of presently unpolluted 
groundwater. Based on contamination migration directions and 

population locations, groundwater and potential users to the south and 
west of the landfill are tne most seriously threatened. 

The third objective is to protect the Little Spokane River and other 
surface water natural resources from contamination. Even if the Little 

Spokane River is not actually used as a drinking water source, this is 
potentially important to protect aquatic life and riparian species. 

Aquatic species are apparently not threatened by acute toxicity from 

these chemicals entering the Little Spokane from groundwater sources 

(see Table A-12 in Appendix A). However, chronic toxicity levels have 
not been derived for most of the compounds so that it is difficult to 
be sure that there is no hazard being posed. Similarly, for 
terrestrial species, use of the Little Spokane River when contaminated 

(Table A-13), springs from the upper aquifer (Table A-14), or 
groundwater at its most contaminated level (Table A-15) do not exceed 

acute mammalian toxicities, but the chronic toxicity of the 
contaminants, especially the carcinogens, is much less well defined. 

Tile fact that the water is not acutely toxic makes the threat rather 
less significant. 

Tile objective of protecting surface water resources would be met if the 

previous objectives are acid eved, s i nee the groundwater would be 
prevented from directly impacting the water quality of the river, but 

tne objective could also be met independently. Since potential hazards 
due to contaminant discharge to the Little Spokane River are minimal, 

both to public healtn and the environment, protection of the river is 
judged to be less significant. 
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Ttie fourth objective is the restoration of groundwater wt1ich has 

already been contaminated. The lower and upper aquifers were both 

originally of drinking water quality and so stiould be treated as an 

important resource that mignt require restoration to the extent 
teclinically feasible. 

The length of time during which this resource is likely to remain 

contaminated, several decades at least, may limit the potential land 
use for the area and may affect the residents' economic well-being due 

to a perceived stigma associated with the properties in the area. 
However, this objective has been placed last because it is not 

necessary from a public healtt1 or environmental point of view: 
alternate water supplies are available to virtually all residents wt1ose 

drinking water has already been contaminated, and the area of 
groundwater contamination impacts the environment in only a very 

limited way . Thus, this last objective will be met only to the extent 
that it will aid in achieving the other objectives. 
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2.0 IDENTIFICATION ANO SCREENING OF REMEDIAL TECHNOLOGIES 

There are numerous technologies available to remediate hazardous waste 
sites. Source control, management of migration, and receptor control 
measures may be used singularly or in combination to meet remedial 

objectives. However, all available technologies may not be appropriate 
to the Colbert Landfill Site. This section summarizes the process used 
to i dent1 fy the most appropriate technologies which were then combined 
into the remedial action alternatives to undergo the initial 

alternative screening described in Section 3.0. 

The selection and screening of potential technologies involved a four 

step process. First, the criteria for screening were developed based 

upon the remedial objectives, specific site conditions, and waste 

characteristics. Second, general response actions were identified that 

addressed the site problems and meet clean-up goals and objectives. 

Possible technologies associated with each response action were then 

identified and investigated. Finally, these technologies were screened 
to eliminate those which were found to be infeasible or inapplicable 
based upon the established criteria. 

A remedial technology, as the term is defined for feasibility studies, 
is any activity which by itself, or in combination with ottier 

activities, can be used to address contamination of the site. 

Therefore, tech no 1 ogi es that a re necessary support acti vi ti es, but do 

not directly reduce or remove the contamination, are also evaluated. 
For example, disposal of groundwater after it is cleaned up is an 

integral component of any treatment process, but does not directly 
reduce the concentration of contaminants. 

2.1 SCREENING CRITERIA ANO METHODOLOGY 

A comprehensive list of remedial technologies organized by categories 
under general response actions is presented in Appendix B. As this 

list is quite extensive, it is obviously not feasible or effective to 
evaluate each of the technologies in detail for use at the Coloert 
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Landfill Site. It is necessary, therefore, to screen this overall list 

and select those technologies that are best suited to remediating this 

site with contaminated groundwaters. The screening process must be 

based upon a set of criteria applicable to the protection of public 
health and the environment as well as to site-specific conditions and 

the contaminants. The criteria developed for identification and 
screening of technologies are based on relevant technical criteria. In 

order to simplify the screening process for this number of potential 
technologies, environmental and cost criteria are not used at this 

stage, but instead are applied in Section 3.0 for the development and 
initial screening of remedial alternatives. 

The technical criteria presented below were also developed based upon 
guidance provided in the National Oil and Hazardous Substances 
Contingency Plan as revised November 20, 1985 as well as upon a 
literature review and the professional judgment of hazardous waste 
engineers. 

2.1.1 Remedial Objectives 

To select the appropriate general response actions and as.soci ated 

remedial technologies, the following remedial objectives identified and 
presented in Section l .5 were used as criteria: 

l . Protect the public from exposure to dangerous levels of 
contamination in water supplies. 

2. Prevent the deterioration of groundwater presently not 
contaminated. 

3. Protect the Little Spokane River and other surface waters 
from contamination. 

4. Improve the quality of groundwater already contaminated . 
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These remedial objectives are considered again, along with 
environmental and cost criteria, in the development and initial 
screening of alternatives in Section 3.0. 

2.1 .2 Site Conditions and Waste Characteristics 

To further aid in the selection and screening process, the following 

assumptions, site-specific considerations, and waste characteristics 
were identified from previous studies and the Remedial Investi ga ti on 

(Golder Associates 1986). They were used to evaluate the feasibility 
and applicability of each potential technology considered. 

General Assumptions and Considerations 

o Water Systems 8 and 9 of the Whitworth Water District No. 2 

could be modified and expanded to provide domestic water to 

all present and future residents within their district 
boundaries. 

o The property and easements required for treatment facilities, 
access roads and pipelines can be obtained by Ecology. 

o Ecology must be able to obtain all the necessary Federal, 
State, and local permits in order to implement a technology. 

o Only those technologies with sufficient operating data 
available to evaluate their safety, reliability and 

effectiveness should be considered (i.e., technologies wnich 
would require extensive engineering studies or pilot plant 

data in order to evaluate their feasibility and costs will be 
excluded). 

o The source(s) of the six contaminants of concern are believed 

to be no longer located with the buried wastes in the Colbert 

Landfill. Most of tne waste solvents have already 

infiltrated out into the upper and lower aquifers. 
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0 Pools of dense non-aqueous phase liquid (DNAPL) probably are 
present at the base of the aquifers. 

Site Conditions 

o The Colbert Landfill property covers 40-acres. 

o The aquifers are comprised of sand and gravel. 

0 

0 

0 

0 

0 

0 

0 
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The upper unconfined aquifer has a water table 90 feet below 
the surface and an average thickness in the central channel 
of 8 to 15 feet. 

Current contamination of the upper aquifer extends from the 
landfill approximately 9,000 feet south, encompassing an 
estimated 740 acres. 

The contaminant plume in the upper aquifer is moving south at 
a velocity of about 3 feet per day. 

The lower confined aquifer has a potentiometric surface 
approximately 180 feet below the surface and its thickness 
varies from a few feet east of the landfill to over 150 feet 
as it approaches the river valley. 

Current contamination of the lower aquifer encompasses an 
estimated 500 acres. 

The total potential area of impact could extend from the 
landfill south to the Peone Creek, 2,000 feet to the north 
and east, and west to the Little Spokane River, encompassing 
an estimated 3,500 acres. 

Currently, 26 residences with wells located in the plume of 
contamination have been put on an alternate water supply, and 
an additional 16 residences have chosen to hookup even though 
their wells are not contaminated above the cut-off level. 
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0 There are at least 180 existing residences within the total 

potential area of impact that are still on private wells or 

private well systems. It is not yet known which of these 
wells pump water from the upper aquifer and which from the 
lower aquifer. In addition, contamination may reach purveyor 
wells in a number of housing developments including North 
Glen Estates, Riverview Hills, Hilltop, and Wahoo Additions. 

Waste Characteristics 

0 

0 

0 

0 

0 

0 

Chlorinated aliphatic hydrocarbons 
High volatility 

Low biological and chemical degradability 
Potential degradation to equally hazardous compounds 
Carcinogenic potential of some contaminants 
Density greater than water 

o High persistence 
o Low solubility in water 

2.2 IDENTIFICATION OF GENERAL RESPONSE ACTIONS 

Using the criteria established in Section 2.1, potential general 
response actions were screened for applicability. First, a 
comprehensive list (Appendix B) of general response actions with 
technologies typically considered for clean-up of hazardous waste sites 
was developed from the June 1985 FS Guidance (EPA 1985a), the Revised 
Handbook on Remedial Action at Waste Disposal Sites (EPA 1985b), Design 
Manual for On-site Wastewater Treatment and Disposal Systems (EPA 
1980), experience on other hazardous waste projects, and knowledge of 
new technologies. From this list, the general response actions 
presented in Table 2-1 were determined to be feasible for the Colbert 
Landfill Site. General response actions such as solid waste 
mitigation, disposal of contaminated materials, and contaminated 
utilities were judged to be not applicable for remediation of the 
contaminated groundwaters at this site. Specifically, source removal 
technologies such as excavation of the solid wastes are not applicable 

3310a 
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TABLE 2-1 

FEASIBLE GENERAL RESPONSE ACTIONS AND ASSOCIATED 

CATEGORIES OF REMEDIAL TECHNOLOGIES 

General Response Actions 

No Action 

Air Pollution Mitigation 

Water Pollution Mitigation 

In-situ Treatment 

On- or Off-site Treatment 

Disposal of Treated Materials 

Institutional Controls 

Contaminated Water Supply 

Technology Categories 

Monitoring of Wells 
Gas/Vapor Control Measures 

Groundwater Control Measures 
Physical Treatment of Gro un d1-1ater 

Contami nation 

Chemical, Physical Treatment of 

Groundwater Contamination 
Disposal of Treated Water Effluent 

Water Use Restrictions 
Alternate Source, Point-of-Entry 
Treatment 

because the waste solvents contaminating the groundwater are no longer 
associated only with the solid wastes buried in the landfill. Capping 
of the landfill, although effective in controlling releases of 
contaminants from within the landfill or from the vadose zone belo~, it, 
would not prevent migration of the majority of the contaminants which 
are located below the water table. 

The next step in this process consisted of identifying the categories 
of remedial technologies associated with each response action that were 

applicable to the Colbert Landfill Site and determining the feasibility 

of achieving the remedial objectives. The· technology categories that 

were selected are also presented in Table 2-1. Most of these 

categories contain several different technologies that could be 

applicable for the groundwater contamination at this site. The 
potential technologies that were screened are presented in Table 2-2. 

3310a 
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TABLE 2-2 

POTENTIAL TECHNOLOGIES FOR COLBERT LANDFILL SITE 

1. No Action 

Monitoring 

Private wells 
Monitoring wells 

2. Air Pollution Mitigation 

Gas/vapor control measures 

Capping 
Containment 
Collection systems 

a. pipe vents 
b. trench vents 
c. active gas collection 

3. Water Pollution Mitigation 

3310a 

Surface water control measures 

Future surface water contamination is 
controlled by groundwater control measures 

Groundwater control measures 

Capping 
Containment barriers 
Extraction 

a. well points 
b. deep wells 
c. suction we 11 s 
d. jet-ejector wells 
e. subsurface drains 
f. trenches 
g. galleries 

Injection/Recharge 
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4. 

5. 

TABLE 2-2 {Continued) 

POTENTIAL TECHNOLOGIES FOR COLoERT LANDFILL SITE 

In-Situ Treatment 

Biological 

Chemical 

Physical 

Soil aeration 
Solvent flushing 
Mining with surfactant 
Permeable bed treatment 
Solidification 
Vaporization 

Thermal 

On- or Off-site Treatment 

Chemical 

Neutralization 
Preci pi tati on 
Activated alumina adsorption 
Ion exchange 
Coagulation/flocculation 
Chemical oxidation 

a. hydrogen peroxide 
b. ozonation 
c. permanganate 
d. chlorination 

Reduction 
Hydrolysis 
Chemical dechlorination 
Ultraviolet radiation 
Catalytic hydrogenation 
Photolysis 
Electrodialysis 

331'.)a 
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TABLE 2-2 (Continued) 

POTENTIAL TECHNOLOGIES FOR COLBERT LANDFILL SITE 

5. On- or Off-site Treatment (continued) 

Physical 

Flow equalization 
Sedimentation 
Activated carbon adsorption 
Reverse osmosis/membrane separation/dialysis 
Liquid-Liquid extraction 
Gravity flotation 
Steam distillation 
Air stripping 
Steam stripping 
Filtration 
Ultrafiltration 
Dissolved air flotation 
Evaporation 
Solvent extraction 
Dewatering 
Solidification/stabilization/fixation 

6. Disposal of Treated Materials 

3310a 

Effluent 

Municipal treatment facility 
Discharge to water body 
Evaporation 
Injection/Recharge 

a . we 11 poi n ts 
b. deep 1ve 11 s 
c. trenches 
d. galleries 
e. subsurface drains 
f. permeable treatment oeds 
g. infiltration oasins 

Reuse/Recycle 

a. water supply 
b. irrigation 

Temporary storage 
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TABLE 2-2 (Continued) 
POTENTIAL TECHNOLOGIES FOR COLBERT LAf~DF I LL SITE 

7. Institutional Controls 

Water use restrictions 

8. Contaminated Uater Supply 

3310a 

Alternate drinking water source 

Cisterns 
Uncontaminated aquifer wells 
Municipal water systems 
Relocation of intake 
Commercially supplied (bottle or tanki 

Point-of-Entry treatment 

Reverse osmosis 
Activated carbon adsorption 
Fi 1 tra ti on 
Activated alumina 
Ion exchange 
Dis ti 11 a ti on 
Ozonation 
Ultraviolet radiation 
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2.3 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section explains the categories chosen, introduces and describes 
the technologies in each category as outlined in Table 2-2, and 
presents the results of the technology screening process using the 
technical criteria presented in Section 2.1. 

2.3.1 No Action 

No action is not a category of technologies but a group of activities 
which can be used to address the contamination problem when no 
remediation measures, or in this case, no additional remediation 
measures will be implemented. 

Description: A long-term monitoring program would be implemented to 
provide updated information on the migration of contaminants in the 
upper and lower aquifers. Both private and monitoring wells would be 
sampled on a routine basis, and the program modified as the plume 
migrates. 

Initial Screening: A no-action decision may be viable for some 
portions of the Colbert Landfill Site, especially in light of the 
Initial Remedial Measures implemented to date, such as the water 
pipeline and providing alternate supplies, and should be properly 
evaluated. There are, therefore, insufficient grounds at this time to 
dismiss no-action as infeasible or inappropriate, and in keeping with 
the requirements of the National Contingency Plan, no-action will be 
further considered during the detailed evaluations of alternatives. At 
that time, the acceptability of the no-action alternative will be 
judged in relation to the assessment of known site risks. 

2.3.2 Air Pollution Mitigation 

Although air pollution is not a health concern at the Colbert Site, 
certain technologies for air pollution mitigation may be applicable for 
removing contamination from the groundwater and overlying soil. During 

3310a 
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the August 1985 soil gas survey by Tracer Research (Golder Associates 

1986) detectable levels of soil gas contamination were recorded over 

much of the area where groundwater contamination has been found, both 

in the upper and lower aquifers. Maximum concentrations of TCA were 
generally found in areas around the landfill where secondary sources of 

the contaminants are suspected to lie. This data confirmed the high 
volatility of these contaminants and suggested that gas/vapor control 
measures might be applicable to this situation as a source control 
measure. 

Gas/Vapor Control Measures 

The technologies in this category are used to prevent the release of 
gases and/or to control the vertical or lateral migration of gases 
throu~h the soil. The capping and containment technologies are not 
applicable in this situation where there is no risk from releases of 
hazardous gases. The only pertinent technologies within this category 
for the Colbert Landfill Site would be gas collection systems, used to 
extract the contaminants in the vapor phase to reduce groundwater 
contamination. 

0 

3310a 

Collection Systems 

Description: There are two types of gas collection 
systems--passive and active. If the goal of a source control 

measure is to restrict further migration and/or remove the 
secondary sources from aquifers over 100 feet be 1 ow t,,e 
surface, passive systems, which do not enhance the movement of 
gases through the subsurface layers, would not be effective. 
Active gas collection is essentially a form of in-situ air 
stripping in which vacuum pumps are installed on water wells 

located within the area of contaminant sources. It is 
primarily a source control measure, removing contamination 

from soils and to a lesser extent, contamination from witnin 
the groundwater. Active gas collection removes subsurface 
contamination by drawing an air stream across the upper 
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surface of the groundwater and through the overlying soil. 
The process relies on strong partitioning of contaminants from 
the water and soil surfaces to the gaseous phase and is 
limited by the relatively slow transport of contaminants 
through the groundwater. As such, it is less effective for 
removing contaminants present deep within the aquifer and more 
effective at removing contaminants present at the top of the 
aquifer. 

Initial Screening: If an active gas collection system was 
installed in the highly contaminated areas around the landfill 
where secondary sources of the contaminants are suspected to 

lie, it could, over the long run, reduce the concentration of 
contaminants migrating in the upper and lower aquifers. Thus, 

implementation of this system could reduce the required 
duration of other groundwater treatment technologies and 
alternative water supplies. However, the degree to which th~ 
concentration and extent of the contaminants could be reduced 
is impossible to determine given the existing scope of 
technical information. Several recent studies and articles on 
similar systems were reviewed, specifically technical reports 
on an In-situ Air Stripping of Soils (Koltuniak 1985 and 
1986), but all of these references dealt just with soil 
contamination above the groundwater table and they provided 
very little comparable data on installation and operating 
costs. The effectiveness of this technology applied to 
groundwater contamination would be restricted by the 
partitioning of the volatile hydrocarbons into the soil gas at 
the water surface and may not be feasible in cases of 
widespread contamination (Benedsen 1986) such as exists at the 
Colbert Landfill Site. Even though this was the only source 
control methodology investigated, due to the lack of technical 

and cost data it was eliminated from further consideration. 
Applicability of this technology to the Colbert Landfill Site 
could only be determined with data from an on-site pilot plant 
study. 
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2.3.3 Water Pollution Mitigation 

In order to treat contaminated groundwaters, as well as prevent the 
deterioration of groundwater not presently contaminated and the future 
contamination of surface waters, various control measures that would 
remove or restrict the migration of contaminated groundwater could be 
implemented. 

Groundwater Control Measures 

There are four groups of technologies, capping, containment barriers, 
extraction, and injection/recharge, which are potentially applicable to 
the Colbert Landfill Site in that they to some degree address the above 
remedial objectives. However, the first two groups--capping and 
containment barriers--would not be effective in light of the existing 
extent of contamination and site conditions, although capping of the 
landfill will be required as a part of its closure. Capping 

technologies prevent the infiltration of precipitation and surface 
runoff through contaminated materials in order to reduce the leaching 
of hazardous constituents. At this site most of the solvents have 
already leached out of the landfill material and are presumed to have 

relocated as pools of secondary sources within the aquifers. 
Containment barriers consisting of a vertical wall of low permeability 
materials can be constructed underground to either divert groundwater 
flow, or minimize or restrict plume movement. At this site where the 
water table is 90 feet below the surface the upper plume of 
contamination already encompasses approximately 740 acres, and 
contamination is present in the lower aquifer, these barriers are 
obviously not feasible. 

o Extraction 

3310a 

Description: Contaminated groundwaters can be removed by a 
variety of methods depending on the depth of the watertable 
and the desired results. Extraction techniques can be used 
for gradient modification, plume interception and containment, 
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or in conjunction with a treatment system. Gradient 

modification involves changing the flow pattern of groundwater 
by drawing down the water table so the contaminated 
groundwater flows toward the point of extraction. 
Interception of the plume halts migration past the point of 
extraction, thereby containing the contaminated groundwater 
and preventing further contamination of the aquifer. Any of 
the following technologies can produce these results to 
varying degrees and in addition bring contaminated groundwater 
to the surface for treatment. Gravity collection systems such 
as subsurface drains {French, tile, or dual media drains) and 
trenches can intercept near surface groundwater. Well points, 
galleries, and suction wells can extract shallow groundwater 
less than 25 feet deep {EPA 1985b). Contaminated groundwater 
from deeper aquifers can be extracted with deep wells or 
jet-ejector wells. 

Initial Screening: Implementation of one or more extraction 
technologies that intercept the plumes and remove the 
contaminated groundwater for treatment would address all of 
the remedial objectives for the Colbert Landfill Site. In 
addition, extraction of contaminated groundwater near the 
landfill would also serve as a means of secondary source 
control, insofar as suspected pools of the solvents are 
extracted. However, because of the significant depths of the 
upper and lower aquifers at this site, only deep or 
jet-ejector wells would be applicable. Installation of these 
wells along the front of a plume would intercept the 
contaminated groundwater and prevent further migration. 
Extraction of contaminated water from suspected areas of 
secondary sources would also reduce future aquifer 
contamination by removing the source material and controlling 
migration of existing contaminated groundwater. Based on the 
hydrogeological information presented in the RI and 
groundwater modeling {Appendix C), approximately 200 gallons 
per minute {gpm) would have to be pumped from a depth of 
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100 feet along the 2/3 mile wide front of the southern plume, 

1,300 gpm from a depth of 300 feet along the 1/2 mile boundary 
of the western plume, and another 1,000 gpm from a depth of 
180 feet in the vicinity of the eastern plume. Upon applying 
the criteria for well selection (EPA 1985b) to the Colbert 
Landfill Site conditions, it was determined that the 
jet-ejector wells would not be appropriate due to their 
limited capacity, close spacing requirements, and poor 
efficiency in pumping from aquifers located in glacial 
deposits. Therefore, only deep wells, which meet all of the 
selection and site criteria, were retained for further 
consideration for the extraction of contaminated groundwaters. 

Injection/Recharge 

Description: Gradient modification of the groundwater can 
also be accomplished by injecting water directly into the 
aquifer or into the overlying permeable strata. The addition 
of water into an aquifer causes mounding, a localized increase 
in the elevation of the water table around the point or area 
of injection, which changes the flow pattern of the 
surrounding groundwater. Depending on the hydrogeology of the 
aquifer and the injection technology employed, the path of 
migration for a contaminant plume can be redirected or the 
local flow pattern even reversed. Besides gradient 
modification, injection can also be an option for disposal of 
treated water, or can actually provide some limited treatment 
if the water passes through appropriate media. Water can be 
injected into the surface strata by means of infiltration 
basins, trenches or subsurface drains. If these subsurface 
drains are packed, for example, with limestone which can 
chemically remove dissolved metals, then they are considered 
to be permeable treatment beds. Water can be injected into 
shallow aquifers through well points and galleries. Water can 
be directly injected into deeper aquifers through wells. 
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Initial Screening: Implementation of an injection technology 

to modify groundwater flow patterns would partially address 
the plume interception and surface water protection remedial 
objectives. However, in light of the fact that this area is 
already considered water poor (according to the Pacific 
Environmental Consultants report, the !RM water supply has to 
be pumped in from an aquifer eight miles away) (PEC 1986), 
bringing in and injecting clean water from an uncontaminated 
aquifer or surface water source for this purpose only was 
deemed impractical. On the other hand, injection as a 
disposal option after the groundwater has been treated is 
viable and is discussed in more detail in Section 2.3.6. 
Based upon the site conditions and waste characteristics, all 
but two injection technologies were eliminated. Infiltration 
basins are not effective during extended periods of freezing 
temperatures. Trenches would be difficult to construct in the 
glacial outwash consisting of sand and gravel. Chlorinated 
aliphatic hydrocarbons cannot be removed by any geologic media 
that are typically used in permeable treatment beds. The 
additional depth for injection into the surface strata 
provided by well points and galleries is not beneficial in 
this situation for either gradient modification or disposal, 
so the additional costs associated with their installation is 
not warranted. The two technologies remaining for further 
consideration are subsurface drains and deep recharge wells, 
both of which help to attain remedial objectives and are 
technically feasible. 

2.3.4 In Situ Treatment 

There are four categories of ..!.D.. situ treatment technologies outlined in 
Appendix B but only one was found that might be applicable to 
groundwater contamination at the Colbert Landfill Site. Biological 
treatment in which microorganisms are utilized to degrade the 
contaminants is generally ineffective for these chlorinated compounds. 
Thermal treatment or incineration technologies are most appropriate for 

3310a 
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treating solid media. The contaminants are sufficiently dilute so that 
thermal treatment is equivalent to 11 burning water, 11 and would be very 
energy intensive and prohibitively costly. There are a number of 
chemical treatment processes that are effective on these contaminants, 
but their implementation at these aquifer depths and on relatively 
dilute, widespread contamination is not feasible. Therefore, only the 
technologies within the physical category were considered in this 
screening process. 

Physical 

The technologies in this category treat the contaminated media by 
removing or immobilizing the contaminant through some type of physical 
process, i.e., the contaminant is not changed or destroyed. Most of 
these technologies (solvent flushing, mining with surfactant, permeable 
bed treatment, solidification, and vaporization) are only applicable to 
treating groundwater if the contaminants are highly concentrated and/or 
in a small plume with definable boundaries. The only pertinent 
technology remaining within this category for treating low levels of 
chlorinated aliphatic hydrocarbons in extensive areas of groundwater is 
soil aeration. 

0 
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Soil Aeration 

Description: Soil aeration is very similar to the active gas 

collection technology described in Section 2.3.2 except that 
air is injected into nearby wells to facilitate the removal of 

contaminants. As the name indicates, this technology was 
originally developed to remove highly volatile contaminants 
adsorbed onto soil particles. 

Initial Screening: As it was determined in Section 2.3.2, 
based on the existing technical information about this 

process, its applicability to the Colbert Landfill Site can 
only be accurately determined by an on-site pilot plant 
study, It is likely that soil aeration could not be widely 
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used because removal is limited by relatively slow transport 

of contaminants through water and by the confining strata 
overlying the lower aquifer. 

2.3.5 On- or Off-site Treatment 

The same four categories of technologies that were outlined for in-situ 
treatment also exist for on- or off-site treatment, but the specific 
technologies within each category, in some cases, are very different. 
During the review and selection process, only two of these categories 
were determined to be potentially applicable to the Colbert Landfill 
Site. Eve~ though there are more aerobic and anaerobic treatment 
processes in the biological treatment category, none of them have been 
found to be very effective for the chlorinated aliphatic hydrocarbons 
present at this site {EPA 1985b). The various thermal or incineration 
technologies are inappropriate due to the large quantities and low heat 
content of the contaminated groundwater. Therefore, only the 
technologies within the chemical and physical categories were selected 
for this screening process. 

Chemical 

The technologies in this category treat the contaminated media by 
destroying or changing the contaminants to another less toxic form by 
means of a chemical reaction or series of chemical reactions. Fourteen 
chemical treatment. technologies were briefly investigated during this 
screening and all but two were found to be not applicable for the 
contaminants of concern here. Neutralization is only applicable when 
pH modification is required for treating acids and bases. 
Precipitation, ion exchange, coagulation/flocculation, and 
electrodialysis are used to remove metallic ions and/or particulates. 
Activated alumina adsorption only removes excess fluorides, while 
photolysis may be very slow and is not feasible for treating large 

quantities of slightly contaminated water. Reduction, hydrolysis, 
chemical dechlorination, and catalytic hydrogenation treatments will 
either not chemically react with some of these chlorinated 

3310a 
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hydrocarbons, such as TCA, or will produce equally toxic end products. 
The two pertinent technologies within this category for treating 
chlorinated aliphatic hydrocarbons in groundwater are oxidation and 
ultraviolet radiation. 

0 
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Chemical Oxidation 

Description: Chemical oxidation is used primarily for the 

treatment of dilute waste streams containing oxidizable 
organics (EPA 1985b). At the Colbert Landfill Site, oxidation 
would destroy these groundwater contaminants by converting 
them to carbon dioxide, chloride ions, and hydrogen ions. 

Oxidation reactions can be carried out using simple, readily 
available equipment; only storage vessels, metering equipment, 
and contact vessels with agitators are required. Usually 
these oxidation processes can be carried out on a continuous 
flow basis in order to treat the contaminated groundwater as 
it is extracted. 

Initial Screening: Several chemical oxidants are available, 
the most applicable being hydrogen peroxide and ozone. 
Potassium permanganate is not as strong an oxidant and has no 
demonstrated effectiveness with these contaminants. 
Chlorination, using either sodium hypochlorite or chlorine 
gas, is not appropriate in this case where the objective is to 
destroy chlorinated hydrocarbons. Oxidation using hydrogen 
peroxide is accomplished by the addition of a predetermined 
small amount of concentrated solution to the contaminated 
water in the reaction chamber (Hager 1986). Ozonation 
involves the generation of ozone on-site with an ozonator, 
which requires a power source to provide electricity and an 
air supply. The 2-3 percent ozone that i s generated is 
directly infused with the contaminated water in the reaction 
chamber (Zeff 1986). Implementation of either of these 
oxidation processes would require laboratory and/or 
pilot-scale testing in order to determine the appropriate 
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oxidant feed rates and reactor retention times in accordance 
with the specific chemical composition of the contaminated 
water and desired treatment results. Other constituents in 

the groundwater, such as dissolved metals, particulate matter, 

and other organics, can reduce the effectiveness of these 
oxidation processes if present in high concentrations. 
Despite this requirement for further site-specific testing, 

both of these oxidation processes were determined to be 

feasible given the existing information available and were 

retained for further consideration. 

Ultraviolet Radiation 

Description: Ultraviolet radiation provides additional 
activation energy which can either directly degrade 

contaminants or catalyze other treatment reactions such as 
oxidation. UV radiation alone, however, has not been used to 

treat the contaminants present at this site. Nonetheless, UV 
radiation may facilitate chemical oxidation (McShea et al. 

1986). One of the major limitations with chemical oxidation 
is that the oxidation reactions frequently do not proceed to 

completion due to insufficient concentration of oxidant, pH, 
oxidation potential of the oxidant, or formation of stable 

intermediates (Kiang and Metry 1982). Ultraviolet light is 
often combined with ozone or hydrogen peroxide to provide for 

more rapid and greater destruction of contaminants. 

Ultraviolet lamps in the reaction chamber can provide a 

catalytic effect to the oxidation process and insure the 
destruction of undesirable end products. Hager and Smith 
(1985) cite an application of UV/hydrogen peroxide treatment 
to groundwater leachate. Some of the results are presented 
below. 
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Physical 

Contaminants 

1, 1, 1- Trich l oroethane (TCA) 
1 ,1 - Dichloroethane (DCA) 
Methylene Chloride (MC) 

Concentration (ppb) 

Influent Effluent (2 hr reaction) 

480 
66 

120 

2 
1 ess than 1 
1 ess than 1 

In i tial Screening: As oxidation processes will be considered 
for treatment of the chlorinated aliphatic hydrocarbons, they 
should be combined with ultraviolet radiation to increase 

their efficiency and insure the destruction of these 
contaminants as well as other possible toxic end products. 

Therefore, this treatment technology was retained for further 

consideration. 

As discussed in Section 2.3.4, physical treatment technologies do not 
detoxify or destroy the contaminants but instead remove the 
contaminants by transferring them from one media, in this case the 
groundwater, to another media which is more conducive to handling, 

. . 

further treatment, and/or disposal. During this screening process, the 
eighteen physical treatment technologies listed in Appendix B were 

briefly investigated for applicability to the Colbert Landfill Site 
conditions. Of these, only two technologies were found that could 

adequately remove ~ilute quantities of chlorinated hydrocarbons from 
large quantities of groundwater on a fairly continuous basis. Many of 
the physical technologies, such as flow equalization, filtration, 
evaporation, dissolved air flotation, gravity flotation, sedimentation, 
and dewatering address removing suspended solids from a solution. 

Solidification, stabilization and fixation technologies only immobilize 
the contaminants after they have been removed to facilitate handling 

and disposal; thus, these technologies are not applicable to this 

site. The major portions of the contaminant plumes are too dilute to 

be effectively treated by liquid-liquid or solvent extraction. Steam 
distillation or stripping, which require a substantial input of energy, 
are only required to remove less volatile compounds. The reverse 

3310a 
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osmosis/membrane separation/dialysis technologies are restricted to low 
wastewater flows. The two technologies suitable for treating the 

contaminated water are activated carbon adsorption and air stripping. 

0 
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Activated Carbon Adsorption 

Description: The process of contaminant adsorption onto 
activated carbon involves contacting the contaminated water 
with the carbon. This is usually accomplished by passing the 
water to be treated through a series of packed bed reactors. 
The activated carbon selectively adsorbs hazardous 
constituents by a surface phenomenon in which organic 
molecules are bound to the internal pores of the carbon 
granules (EPA 1985b). Eventually, all the pore spaces become 
filled and "breakthrough" of the contaminant occurs, at which 
point the carbon must be replaced or regenerated. 
Representative treatment efficiencies are presented below 
(O'Brien and Fisher 1983): 

Compound 

1,1,1 - Trichloroethane (TCA) 
1,1 - Dichloroethylene (DCE) 
Trichloroethylene (TCE) 
Tetrachloroethylene (PCE) 
Methylene Chloride (MC) 

Influent 
Concentration 

( µ g/1 ) 

60 - 25,000 
5 - 4,000 
5 - 16,000 
5 - 70,000 

1,000 - 21,000 

Effluent 
Concentration 

( µ g/1 ) 

d 
d 
d 
d 

<100 

The relatively low methylene chloride effluent concentration 
indicates a lower affinity for carbon; nonetheless, the 
removal to levels less than 2 µg/1 may be achieved with a 
greater expenditure of carbon. 
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Initial Screening: Activated carbon is a well-developed 
technology which is widely used in the treatment of hazardous 
waste streams. It is especially well suited for removal of 

mixed organics from aqueous wastes, for treating a wide range 
of organics over a broad concentration range, and is not 
particularly sensitive to changes in concentrations or flow 
rate. The process is well suited to on-site construction as 
space requirements are small, start-up and shut-down are 
rapid, and there are numerous contractors who are experienced 
in designing and operating these units (EPA 1985b). On the 
other hand, the activated carbon process may have hign capital 
and operating costs, specifically for the replacement or 
regeneration of spent carbon. Also, to accurately predict 

performance, longevity of carbon, and operations, on-site 
pilot plant studies or laboratory treatability studies are 

necessary . Despite these few drawbacks, activated carbon \'las 
retained for further consideration. 

Air Stripping 

Description : The air stripping treatment process relies on 
the favorable volatilization of the chlorinated contaminants 
from water into air. Air stripping is often performed in a 
packed tower equipped with an air blower. The packed tower 
works on the principle of countercurrent flow. Contaminated 
water enters the top of a column containing packing material s 
which allow the liquid to drain down the column in a tnin 
film, and an air stream is forced upward through the column. 
Within the tower, the contaminants evaporate from the 
contaminated water into the flowing air stream. Treated water 
exits from the bottom of the column, while air containing the 
volatilized contaminants is exhausted through the top. Air 
stripping generally is applicable only if the contaminants are 
volatile, as indicated by a Henry 1 s Law coefficient in excess 

of 0.003 atmosphere cubic meter per gram mole (atm m3/ gmol ). 
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The contaminants present in the groundwater at the Colbert 
Landfill Site have coefficients equal to or greater than this 
value, as indicated below (see Table 1-1 ): 

Compound Henry's Law Coefficient (Atm m3/gmol) 

1 ,1 ,1 - Trichloroethane (TCA) 

1 ,1 - Dichloroethylene (DCE) 

1 ,l - Dichloroethane (DCA) 

Trichloroethylene (TCE) 
Tetrachloroethylene (PCE) 

Methylene Chloride (MC) 

0.0180 
0.0236 

0.0058 

0.0100 

0.0083 

0.0030 

Initial Screening: Over the past few years, air stripping has 
been increasingly used for the effective removal of volatile 
organics from aqueous wastestreams, and has been used most 
cost-effectively for treatment of low concentrations of 
volatiles or as a pre-treatment step prior to activated caroon 

(McKinnon and Dyksen 1984). The equipment for air-strip~ing 

is relatively simple, start-up and shut-down can be 
accomplished quickly; and the modular design of packed towers 

makes air stripping well suited for hazardous site 
applications (EPA 1985b). There are three other aspects of 

the air stripping process that must also be taken into 

account. The countercurrent packed tower configuration 
described above is the most widely used because it provides 
the most liquid interfacial area but it also has a i1igh energy 

cost (O'Brien and Stenzel 1984). There are three other design 
configurations that can be considered depending on the 

air-to-water ratio required to remove the specific volatile 

organics at the Colbert Landfill Site. Second, the emission 
of stripped organics to the atmosphere may not be 
environmentally acceptable, especially if the volatilized 
contaminants are designated hazardous air pollutants. 
However, the exhaust air can be collected by vapor recovery 
equipment and passed through a carbon adsorption bed to remove 
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the rema1n1ng organics. Third, the selection of a design must 
be based on similar experience or pilot-scale treatability 
studies. These studies are particularly important when 

designing equipment for contaminated groundwater (Carter and 

Knox 1985). Based upon the widespread use of this technology 

and the above considerations, air stripping was retained for 
further consideration. 

2.3.6 Disposal of Treated Materials 

There are two categories of disposal technologies listed in Appendix B, 
but only those within the effluent category are potentially applicabl e 
to the remediation of contaminated groundwater at the Colbert Landfill 
Site. 

Effluent 

The six technologies in this category provide various means or options 
of handling or disposing of the groundwater after the contaminants have 

been removed to an acceptable level by a treatment process. However, 
three of these technologies were quickly recognized as not being 
feasible due to site conditions . There are no sewer lines and / or a 
municipal treatment facility within reasonable distance of the si te 

that could handle the effluent flow proposed. Temporary storage in 
tanks or a surface impoundment is not feasible due to the large volu~e 

of effluent that will be generated. Evaporation is also not practical 
considering the large volume of effluent and freezing winter 

temperatures that could curtail year-around remediation activities. 

The three remaining technologies--discharge to water body, 

injection/recharge, and reuse / recycle were investigated further in this 
screening process. 

o Discharge to Water Body 

3310a 

Description: Discharge to a water body involves locating a 

surface water body that could accept the effluent flow without 
adverse environmental impacts, designing and constructing a 
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suitable outfall in the waterbody and installing a pipe from 
the treatment facility to the point of discharge. At the 
Colbert Landfill Site there are two possible receiving water 
bodies--the Little Spokane River and Little Deep Creek. 

Initial Screening: If extraction and treatment of the 
groundwater from the lower aquifer either to the west or east 
of the landfill is implemented, then discharge to the Little 
Spokane River, which is approximately 2,000 feet to the west, 
is a very feasible disposal option. Discharging an average 
flow of 1,600 gpm or 3.5 cubic feet per second (cfs) treated 
water ·into a river with a mean flow of 236 cfs and a low flow 

of 75 cfs would not have a noticeable impact on the stream 
flow. On the other hand, discharging treated water into the 
Little Deep Creek from the southern treatment facility might 
be considered a significant impact. The southern facility · 
would be discharging an average of 200 gpm (0.4 cfs) 
continuously throughout the year. The most convenient section 
of Little Deep Creek for discharge is designated as an 
intermittent stream because there is no measurable flow during 
periods of low precipitation. The environmental impacts and 
technical aspects of an outfall in this water body will have 
to be evaluated further, but are not disqualifying at this 
stage. Therefore, discharges into both of these waterbodies 
were retained for further consideration. 

Injection/Recharge 

Description: The concept of injection/recharge as a 

groundwater control measure as well as a disposal option was 
introduced in Section 2.3.3. Based on site conditions, · 
specifically the depth of the aquifers, only two of the 
methods within this technology group, subsurface drains and 
deep wells, were considered applicable. 
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Initial Screening: If contaminated groundwater is extracted 
for treatment at the surface, returning the treated 
groundwater downgradient to the aquifer would provide for 
further gradient modifications, preventing the migration of 
the plume past the point of extraction, as well as providing a 

means of disposal. Treated groundwater could be injected to 
the upper aquifer by both methods. Subsurface drains, which 

are perforated distribution piping surrounded by crushed rock 
or gravel, are relatively easy and inexpensive to install. If 

they are located below the frost depth so as not to be 
affected by freezing weather, the injected water can on a 
continuous basis infiltrate down to the upper surface of the 
aquifer forming a mound with moderate gradient modification. 
Injection of treated water through deep recharge wells would 
put the water directly back into the aquifer forming a more 
localized mound and strong gradient modification, even to the 

point of forcing water back toward the extraction wells. 

Either recharge technology in combination with extraction 

wells would provide a gradient barrier within ~,e aquifer to 

prevent further migration of the contaminants. However, both 
would also introduce more water back into the aquifer in the 
vicinity of the extraction wells. This would dilute the 
contaminant plume and require the extraction wells to be 
pumped at a higher rate in order to insure interception of the 
plume and the desired gradient modifications. Despite this 
possible drawback, injection of treated groundwater by either 
method was retained for further consideration as a disposal 
option. 

Reuse/Recycle 

Description: There are two methods or ways in which the 
treated groundwater could be used instead of just directly 
disposed. At two other hazardous waste sites in the State of 
Washington where remediation activities include treatment of 
contaminated groundwater (well 12A in Tacoma, and wells Hl and 
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H2 at Lakewood), the treated water is piped into the local 
water supply system (Wong 1986). As long as the water is 
treated to comply with Drinking Water Standards, or the 

remaining concentration of contaminants is below the MAC 

values when regulatory criteria are unavailable, this is a 

very viable disposal option, especially in an area that is 
considered to be "water poor." Irrigation of crops is another 

way of using this treated ~roundwater. If there is 
substantial agricultural land use in the irrrnediate vicinity of 

the treatment facility, piping the treated water to interested 
farmers is an option that has been employed in remediating 

contaminated groundwater at other sites. 

Initial Screening: The Whitworth Water District No. 2 was 
approached with the idea of piping the treated groundwater 

into System 9 which currently serves the Colbert area. 
According to their engineering contractor (Haggarty 1986c), 

System 9, as it is currently designed and operated, cannot 
handle the quantity of water to be generated. Therefore, 
piping to the water supply system would only be a partial 

· solution and another disposal option would still have to oe 

implemented. In light of the current stigma associated with 
contaminated groundwater, Whitworth Water District No. 2 

(Hutchins 1986b) believed that the public would not find this 

option acceptable. Similarly, there is enough potential 

agricultural activity in the area to use all of the treated 
water in irrigation, but not on continuous year-round basis, 

so this again is only a partial solution. Both of these 
options might be implemented in the future to take advantage 
of this readily available supply of water, but not until after 
the treatment facilities have demonstrated experience in 

removing the contaminants to compliance levels with a reliable 
operating record. Therefore, these methods were not retained 

for further consideration in developing remedial alternatives 
that could be implemented in the immediate future. 
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2.3.7 Institutional Controls 

Institutional controls are either local or state regulations that can 

be promulgated and enforced to protect the public health in the 
vicinity of a hazardous waste site before, during, or after 
remediation. In light of the situation at the Colbert Landfill Site, 
land use restrictions, and temporary or permanent relocation of the 
surrounding residents are not warranted. To date, only back-flow 
preventors have been installed to protect the colTITiunity from using 
contaminated groundwater. 

Water Use Restrictions 

Health advisories have been issued warning those residents, with well 
water containing more than 200 µg/1 of TCA, not to use their well water 
for domestic uses such as drinking, cooking, and bathing. Based on the 
Risk Assessment (Appendix A), the only unacceptable risks to human 
health or the environment are associated with ingestion and dermal 
contact of well water contaminated with chlorinated aliphatic 
hydrocarbons above their corresponding MAC values. Therefore, water 
use restrictions only need to address drinking and bathing with the 
contaminated well water. Expanding the restriction to include other 
domestic uses widens the margin of safety. However, there is little 
basis for extending water use restrictions to include irrigation of 

crops or watering of livestock. In order to properly address public 
health concerns, water use restrictions were retained for further 
consideration. 

2.3.8 Contaminated Water Supply 

There are two categories of technologies here that were both considered 
previously by Ecology in developing the Initial Remedial Measure in 
1984. However, these technologies need to be screened again as 
potential components of the final selected remedial alternative. 

3310a 
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Alternate Drinking Water Source 

It was determined in the Risk Assessment that the main risk to public 

health was from the ingestion of well water contaminated with 
chlorinated aliphatic hydrocarbons above their MAC values. One means, 
therefore, of protecting those residents with contaminated water is to 
provide them with an alternate drinking water supply. There are five 
technologies within this category, but only two that were determined to 
be potentially applicable. The use of cisterns to collect and store 
rain water as a drinking water source is not feasible in an area that 
receives just 17 inches of precipitation a year, mainly in the winter 
months. Because the contaminant plumes have already extended 
throughout major portions of both the aquifers in the site area, 
supplying water from uncontaminated aquifer wells in the immediate 
vicinity is not possible. The relocation of intake technology pertains 
to surface water sources, which are not used for potable water in this 
area. The two potentially applicable technologies investigated are the 
construction of a municipal water system and commercially supplied 
(bottled) water. 

0 
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Municipal Water System 

Description: The IRM chosen by Ecology and the County of 
Spokane in 1984 to supply water to the areas affected within 
the Colbert Landfill Site was the construction of a 
pressurized water system through the Colbert Extension of 
System 9 of the Whitworth Water District No. 2. Transmission 
and distribution mains and booster pumps were installed to 
carry water from the existing Colbert system north to the 
residences with contaminated wells. Implementation of this 
alternative water supply as a final remedial alternative or 
component of one, would involve installation of additional 
lines and equipment to service new areas that are affected by 
the migration of the contaminant plume. 
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Initial Screening: The IRM system that was installed is 

working effectively, however, there are some service areas 
experiencing low pressure problems. Extension of this system 
to supply other residences is a very feasible option, 

especially since the transmission mains have already been 

installed into the major portions of the total potential area 
of impact. As the population grows, though, over the next 
thirty years, in compliance with the rural and semi-rural 
zoning, major additions and improvements, such as a new 

reservoir and booster pumps, would be required to service the 
residences in areas of groundwater contamination. Whitworth 

Water District No. 2 has already made projections about wf1at 
it would take to supply water over the long term to these 
affected areas (PEC 1986, Haggarty 1986a). Therefore, this 
method of providing an alternative drinking water supply was 
retained for further consideration. 

Commercially Supplied 

Description: Interim drinking water can be provided by 
delivery or purchase of bottled water. This is very expensive 

and can be very restrictive when also used for cooking. 
Before the IRM was installed, many of the residents were 

supplied with bottled water. Installing a water tank at each 

residence and delivering water on a regular basis by tanker 
truck is another opt.ion . 

Initial Screening: As it was concluded in the Feasibility 
Study for the IRM (Ecology 1984a), the use of bottled \~ater or 

trucked water is too expensive, suffers from potential 
problems of reliable delivery, and is inconvenient for the 

homeowner over the long-term. Therefore, both of these 
options were dropped from further consideration. 
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Point-of-Entry Treatment 

These technologies provide for treatment of the contaminated well water 
at each private residence or private water supply system. Often 
referred to as "on-site treatment" tnese treatment systems come as 
packaged units that are usually hooked up between the contaminated 
water supply and the pipe which supplies the water distribution system 

within the house. They are often installed in basements or in a shed 

next to the pump house. All of these systems require routine 

surveillance and maintenance to insure that the contaminants of · concern 
are being effectively removed. As discussed in Section 2.3.5, some of 
these technologies, filtration, activated alumina, ion exchange, and 
distillation are not applicable for treating chlorinated hydrocarbons . 

Reverse osmosis and ozonation/UV units sized to supply a residence are 
extremely expensive and require more maintenance than the average 

homeowner is willing to perform. Only one type of home treatment unit, 

activated carbon, is con~idered to effectively remove the contaminants 

of concern, provide ample water for in-home use, and be fairly easily 

maintained. 

o Activated Carbon Adsorption 

3310a 

Description: An activated carbon adsorption unit sized for a 
private residence is very similar in design and operation to 
the treatment system described jn Section 2.3.5. Once 

installed, these units operate relatively passively, but 
proper maintenance and monitoring are essential for effective 

treatment. Maintenance generally consists of changing the 
carbon cartridges on a regular schedule. Few units give any 

detectable indication of having reached capacity, so 

conservative change-over schedules are recommended to help 

insure that the unit continuously is removing the contaminants 
of concern. Alternatively, frequent monitoring of the quality 
of the treated water could be conducted by sampling and 
analysis to identify \vhen to change the cartridges. Also 

full-service water treatment companies provide installation 
and maintenance services (EPA 1985b). 
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Initial Screening: There are some major limitations to using 
a point-of-entry carbon adsorption unit. If the unit is not 
properly maintained, the contaminants of concern may not De 

continuously removed to concentrations below their MAC 
values. If the carbon becomes exhausted, there is a potential 

for desorption or release of the accumulated contaminants from 
the unit back into the water supply. In addition, there is 

potential for excess growth of bacteria (Taylor 1978). 
Therefore, either the homeowner would have to rely on himself 
to properly maintain the unit or on a service contractor, who 
would need routine access to the unit for maintenance. 

However, these units have been used successfully to remove 
similar contaminants over a long period of time, therefore, 

this technology for supplying point-of-entry treatment was 
retained for further consideration. 

2.4 SUMMARY OF REMEDIAL TECHNOLOGIES 

Table 2-3 presents the results of the screening of technologies 
performed in this section. This table identifies those technologies 
that were determined to be infeasible or inapplicable and therefore 

were eliminated from further evaluation. The taole also identifies 
those technologies from Table 2-2 that were retained for incorporation 
into remedial alternatives in Section 3.0. 
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TABLE 2-3 

SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 
FOR COLBERT LANDFILL SITE 

1. No Action 

Monitoring 

Private wells 
Monitoring wells 

2. Air Pollution Mitigation 

Gas/vapor control measures 

Capping 
Containment 
Collection systems 

a. pipe vents 
b. trench vents 
c. active gas collection 

3. Water Pollution Mitigation 

Groundwater control measures 

Capping 
Containmen~ barriers 
Extraction 

a. well points 
b. deep we 11 s 
c. suction wells 
d. ejector wells 
e. subsurface drains 
f. trenches 
g. ga 11 eri es 

Injection/Recharge 

Retained for 
Remedial 

Al tern a ti ves 

X 
X 

X 

X 

Eliminated From 
Further 

Evaluation 

X 
X 
X 

X 
X 
X 

X* 
X 

X 

X 
X 

X 
X 

X 

* Capping of the landfill will be required under solid .,,aste regulations, 
but is not included in this study. 
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TABLE 2-3 (Continued) 

SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 
FOR COLBERT LANDFILL SITE 

4. In-Situ Treatment 

Retained for 
Remedial 

A 1 tern a ti ves 

I Physical 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Soi 1 aeration 
Sol vent flushing 
Mining with surfactant 
Permeable bed treatment 
Solidification 
Vaporization 

5. On- or Off-site Treatment 

Chemical 

3310a 

Neutralization 
Precipitation 
Activated alumina adsorption 
Ion exchange 
Coagulation/flocculation 
Chemical oxidation 

a. hydrogen peroxide 
b. ozona ti on 
c. permanganate 
d. chlorination 

Reduction 
Hydrolysis 
Chemical dechlorination 
Ultraviolet radiation 
Catalytic hydrogenation 
Photolysis 
Electrodialysis 

2-36 

X 
X 

X 

Eliminated From 
Further 

Evaluation 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
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TABLE 2-3 {Continued) 

SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 
FOR COLBERT LANDFILL SITE 

Physical 

Flow equalization 
Sedimentation 
Activated carbon adsorption 
Reverse osmosis/membrane 

separation/dialysis 
Liquid-Liquid extraction 
Gravity flotation 
Steam distillation 
Air stripping 
Steam stripping 
Filtration 
Ultra fi l tra ti on 
Dissolved air flotation 
Evaporation 
Solvent extraction 
Dewatering 
Solidification/stabilization/ 

fixation 

Retained for 
Remedial 

Alternatives 

X 

X 

6. Disposal of Treated Materials 

Effluent 

Municipal treatment facility 
Discharge to water body X 
Evaporation 
Injection/Recharge 

a. well points 
b. deep we 11 s X 
c. trenches 
d. galleries 
e. subsurface drains X 
f. permeable treatment beds 
g. infiltration basins 
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Eliminated From 
Further 

Evaluation 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 
X 
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7. 

8. 

TABLE 2-3 (Continued) 

SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 
FOR COLBERT LANDFILL SITE 

Reuse/Recycle 

a. water supply 
b. irrigation 

Temporary storage 

Institutional Controls 

Water use restrictions 

Contaminated Water Supply 

Alternate drinkin~ water source 

Cisterns 
Uncontaminated aquifer wells 
Municipal water systems 
Relocation of intake 
Commercially supplied 

(bottle or tank) 

Point-of-Entry treatment 

Reverse osmosis 
Activated carbon adsorption 
Fi 1 tration 
Activated alumina 
Ion exchange 
Distillation 
Ozonation 
Ultraviolet radiation 

Retained for 
Remedial 

Alternatives 

X 

X 

X 
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Eliminated From 
Further 

Evaluation 

X 
X 

X 

X 
X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
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3.0 DEVELOPMENT AND INITIAL SCREE~ING OF REMEDIAL ALTERNATIVES 

The technologies screened in Section 2.0 provide the basis for U1e 
development of remedial action alternatives. In this section, the 
technologies are grouped into preliminary remedidl alternatives 1'/hich 
cover a range of remediation from no action to complete treatment of 
all contamination. The technologies comprising each preliminary 
remedial alternative are described, the public health and environmental 

considerations are discussed, and preliminary cost estimates are 

provided. Following the description of the alternatives, the initial 

. screening is conducted. The purpose of the screening step is to 

identify those alternatives of sufficient merit to undergo detailed 

evaluation. This is achieved by eliminating preliminary remedial 

alternatives that have significant adverse environmental or puolic 

health impacts, ·or that are an order of magnitude higher in cost than 
other alternatives providing similar environmental and public hedlth 
benefits. Those alternatives not eliminated are carried forward as 
final candidate alternatives to be described in detail in Section 4. 0. 

3.1 DEVELOPMENT OF PRELIMINARY REMEDIAL ALTERNATIVES 

All of the remedial alternatives developed for the Colbert Landfill 

Site must address some or all of the remedial objectives establi shed in 
Section 1.5. Prior to assembling the preliminary. remedial 
alternatives, pertinent regulations and cleanup .levels must be 
identified which determine the completeness of remediation. Then, 
preliminary remedial alternatives are developed on tile basis of 

operation and performance compatibility (e.g., capaole of handling and 

processing large continuous flows) and acceptable engineering practices 

tilat attain to varying degrees the remediatiun requirements dnd levels. 

3.1.1 Development of Remedial Response Criteria 

In this section, pertinent regulations and the cleanup levels 
recommended in the Risk Assessment are presented. 
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In accordance with the goal to protect human health and the environment, 

EPA designated applicable or relevant and appropriate requirements 

(ARAR) and provided a listing of other requirements, advisories, and 

guidances to be considered when planning and performing hazardous waste 
site remediation. A detailed listing of these requirements and 
considerations is presented in Appendix D. "Applicable" requirements 
are those Federal requirements that would be legally applicable to the 
response action, if that action were not being undert~ken as a CERCLA 

( Superfund) cleanup. 11 Relevant and appropriate" requirements a re those 

Federal requirements that, while not "applicable," are designed to 
apply to problems sufficiently similar to those encountered at CERCLA 

sites so that their application is appropriate. State standards are 
also to be considered in the evaluation. For the Colbert Landfill 

Site, the pertinent remedial requirements are presented below. 

Federal Laws and Regulations 

0 

0 

3944a 

Resource Conservation and Recovery Act (RCRA) (42 USC 6901), 
Subtitle C: 

protection of groundwater (40 CFR 264, Subpart F) 

closure and post-closure of landfills(40 CFR 264, 
Subpart G) 

[Note: These are administered by Ecology under Dangerous 
Waste Regulations, WAC 173-303. ] 

Safe Drinking Water Act (SOWA) (42 USC 300): 
Drinking Water Standards (40 CFR 141), 
enforceable maximum contaminant levels 

recommended maximum contaminant levels 

including 

(MCLs) and 
( RMCLs). 

botll 

Contaminant RMCL ( µg/1) Proposed MCL 

1,1,1-Trichloroethane (TCA) 
Trichloroethylene (TCE) 
1,1-Dichloroetllylene (DCE) 

200 200 
0 5 
7 7 

Underground Injection Control (UIC) standards (40 CFR 146) 
[Hate: UIC standards are administered by Ecology under 
WAC 173-218.] 

3- 2 
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o Clean Water Act (CWA) (33 use 1251): 

National Pollutant Discharge Elimination System (NPDES) 
(40 CFR 122) 
[Note: NPDES program is administered by Ecology under 
WAC 173-220.] 

o Clean Air Act (CAA) (72 USC 7401): 

National Emission Standards for Hazardous Air Pollutants 
(NESHAPS) 

[Note: t~ESHAPS Program is administered by Ecology under 

\~AC 173-403.] 

Washington State Laws and Regulations 

o Dangerous Waste Regulations, WAC 173-303. Applicable for 
handling contaminated ground~1ater \lhich could be considered d 

dangerous waste. 

o Hashington Department of Ecology Final Cleanup Policy. Used 

for guidance in establishing cleanup levels. 

o Water Qua 1 i ty Standards for waters of the State of \~ashi ngton, 
i4AC 173-201. Applicable in determining acceptable contaminant 
levels in Little Spokane River or Little Deep Creek if treated 

water is discharged into them. 

0 

0 

3944a 

National Pollutant Discharge Elimination System Permit 

Program, WAC 173-220. Applicable if treated water is 

discharged tnrough an outfall into State surface waters. 

Underground Injection Control Program, WAC 173-218. 

Applicable if treated \·later is reinjected into ti1e ground for 
contaminant migration control. 
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0 

0 

0 

0 

0 

0 

0 

State Waste Discharge Permit Program, WAC 173-216. A permit 
is required for the disposal of treated water via drainfields. 

Washington Clear Air Act, RCW 70.94. Applicable for 

discharging pollutants into the atmosphere from a new source. 

Water Code, RCW 90.03 and Water Rights, RCW 90.14. 

Establishes water rights permits necessary for water 

withdrawals, including groundwater extraction. 

Protection of Withdrawal Facilities associated with Ground 
Water Rights, WAC 173-150. Restricts activities which would 
impair senior groundwater rights, including water level 
lowering and water quality degradation. 

Protection of Upper Aquifer Zones, WAC 173-154. Also 
restricts activities which would impair senior groundwater 
rights, including water level lowering and water qua l ity 
degradation. 

State Environmental Policy Act (SEPA}, WAC 197 -11. 

Water Pollution Control, RCW 90.48. Authorizes the use of 
water quality regulations at hazardous \-1aste sites. 

In addition to the regulatory cleanup requirements, the Risk Assessment 

provides guidance in establishing the most significant routes of 
exposure and identifying health - based limits. For the three 

contaminants of concern that do not have MCLs or RMCLs, the following 

MAC values can be used as recommended cleanup levels. 

3944a 

Contaminant 
1,1- Dicloroethane (DCA} 
Tetrachloroethylene (PCE} 
Methylene Chloride (MC) 

3-4 

MAC Value (µg/1) 
4,050 

0.7 
2.5 
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3.1.2 Combination of Applicable Technologies Into 
Preliminary Remedial Alternatives 

In this section, the applicable remedial technologies listed and 
screened in Section 2.0 are combined into preliminary alternatives. In 
developing the alternatives, it first must be recognized that the 

technologies are not, for the most part, utilized independently. 

Rather, several complementary technologies must be assembled to provide 

a complete treatment system. For example, deep well groundwater 
extraction removes contaminated water, but contains no provision for 
managing the extracted water. Therefore, water treatment and di sposd l 
must accompany deep well extraction to form a complete operation. 
Also, a complete operation may address only one aspect of the 

contamindtion or one remedial objective. Therefore, other tecnnologi es 

are required to form a comprehensive remedial alternative. 

The process implemented by EPA for formulating alternatives embodies 

prioritization of objectives, recognizing that different levels of 
remediation are associated with different degrees of cost and benefit. 

Five categories of alternatives are established as part of the NCP and 

are presented below: 

1) tJo Action. 

~) Alternatives in which applicable or relevant public health and 
environmental standards are not attained, out the major nu1n c1 n 

and environmental health concerns are addressed. 

3) Alternatives in which all applicaole or relevant puolic nealth 
and environmental standards are attained. 

41 Alternatives in whicn all applicable or relevant public health 
and environmental standards are exceeded. 

J944a 
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5) Alternatives in which the contaminated materials are treated 
or disposed, as appropriate, in an off-site hazardous waste 

facility approved by the U.S. Environmental Protection Agency. 

It is stipulated in the NCP that remedial alternatives representing 
euch of these categories be developed and evaluated unless such 

alternatives are infeasible. 

For technical reasons and to provide the maximum flexibility in 

developing and evaluating remedial alternatives, the Colbert Landfill 

Site is divided into three areas (Figure 3-1): 

1) the western area, located roughly edst of the Little Spokdne 

River to the top of the bluff, encompassing North Glen Estates 
and Little Spokdne Drive; 

2) tne southern area, which includes Hermsmeier 1 s Addition and 
the regions south of North Meadows Addition between the 
~estern bluff and the rising ground to the east; and 

3) the eastern area, wnicn extends over tile landfill area with 

Newport Highway as its eastern boundary, and extends south to 
and includes Wahoo Addition and North Meadows Addition. 

The site conditions and contaminant disposition are sufficiently 

different in these areas that a single, all-encompassing remedial 
action ma:; not be applicable every\1here. Specifically, the 1,estern 

area is potentially impacted by the lower aquifer contamination plume 

which has higher contaminant concentrations, and is located near the 
Little Spokane River. The southern area is influenced primarily by th~ 

less-contaminated upper aquifer, and the Little Spokane ~iver is not as 

close to or threatened by the existing plume. The eastern area 

contains the suspected secondary sources of contaminants, does not 

exhibit extensive plume migration within its bounds, and is presently 

3944a 
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served by the Colbert Extension of Whitworth Water District No. 2. 
Thus, remedial alternatives are divided into three, area-specific 
groups designated as W (western), S (southern), and E (eastern). 

The list of preliminary remedial alternatives is presented in 
Table 3-1. With one exception, the list encompasses the range of 
alternatives required in the NCP, with the understanding that some 
alternatives may be implemented to virtually any degree. That is, an 
alternative may be deficient in meeting ARARs, may attain them, or may 
exceed them depending on the degree of implementation. The exception 
is the exclusion of the off-site treatment alternative due to transport 
constraints. (At a pumping rate of 200 gallons per minute, more than 
eighty 3,000-gallon tanker trucks would be required daily to transport 
the contaminated water off-site for treatment). Except for the 
no-action alternative, all alternatives include a safe drinking water 
supply to residences with water contamination exceeding acceptable 
levels, thereby addressing the predominant health concern of ingesting 
contaminated water. All alternatives include groundwater monitoring 
during and after remediation. 

There are three choices of water treatment technologies and three 
options for discharging treated water in the extraction, treatment and 
discharge (ETD) alternatives. Despite variations in the specific 
details of these options, the overall health implications and costs, 
based on preliminary modeling results, are comparable. The three 
treatment technologies - carbon adsorption, air stripping, and chemical 
oxidation-all can achieve similar treatment levels, but the cost of the 
most expensive technology is roughly twice that of the least 
expensive. The water, after it is treated, has virtually no adverse 
health potential, so the method of discharge is not constrained by 
health concerns. The ratio of the most costly to least costly 
discharge method may be as high as three to one, but when these costs 
are combined with the extraction and treatments costs, the total costs 
of the different alternatives are not significantly different. Since 
the purpose of developing the preliminary alternatives is to screen 
alternatives for health protection and order-of-magnitude costs, and 
because these criteria do not differ significantly according to the 

3944a 
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Remediation 
Features 

Site Monitoring 

Alternate Water Supply 

Water Use Restrictions 

Point-of-Entry Water 
Treatment 

Deep Well Extraction 

Water Treatment 

Water Discharge 

NCP Remectiat ion Categories : 

1. No ktion 

2. Nonattainment of 
Relevant or Applicable 
Standards b11t Major 
Health Issues Addressed 

3. Attainment of 
Relevant or Appllcahle 
Standards 

4. Exceedence of 
Relevant or Applicable 
Standards 

5. Off-Site TreatPIP.nt or 
Disposal at RCHA Facility 

S-1 

X 

X 

TABLE 3-1 
PRELIMINARY REMEDIAL ALTERNATIVES 

Southern 

S-2 S-3 S-ETD.!/ 

X 

X 

X 

x __ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

W-1 

X 

X 

Western 

W-2 W-3 

X 

X 

X 

X 

X 

X 

X 

X 

W-ETD 

X 

X 

X 

X 

X 

X 

X 

X 

X 

E-1 

X 

X 

Eastern 

E-2 E-3 

X X 

X 

X X 

X 

X X 

1/ "ETD" stands for extraction, treatment, and discharge of qroundwater. In Section 4.0, numbered 
alternatives are identified for soecif ic cofllhinations of technologies. 
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treatment and discharge options se 1 ected, a genera 1 i zed deep we 11 
extraction, treatment, and treated water discharge alternative is 
developed in this section for initial screening. 

The area-specific al ternatives are developed as independent remedial 

activities, addressing only the situation within that area. Likewise, 

t11e discussion of human and environmental impacts is restricted to the 

designated area. Because this format is used, one must recognize the 

limitations of each area-specific alternative. Interception and 
treatment of the westbound, 1 ower aquifer contaminant plume has no 
impact on the migration of ti1e southbound, upper aquifer plume, and 
vice versa. Extraction and treatr.1ent of groundwater from the seconJary 

contaminant source area east of the landfill reduces future contaminant 

migration but cannot halt the flm-, of contaminants which has already 

proceeded toward the south and west. Likewise, an alternate water 

supply or point-of-entry treatment affects only the area of 

implementation. Thus, an effective site-wide alternative may require 

combining two or three area-specific alternatives. In some cases where 
the same remedial action is used in different areas, the total cost and 

operations may not be simply additive. Specifically, alternate water 
supply provisions to the western area or to certain southern areas may 
contain common piping segments or storage facilities. If uotn areas 
were supplied, duplication of these components is unnecessary, and ti1e 
total, combined cost is less than the sum. The extraction, discharge, 

and treatment alternatives may be simply added to give a total cost 

estimate within the +50 percent to -30 percent range specified. 

Considerations about combining similar remedial activities site-wide is 
discussed in more detail in Section 6.2. 

This list of preliminary remedial alternatives is not intended to be 

completely exhaustive. Furthermore, multiple combinations of the 

area-specific alternatives are possible. Nonetheless, tile format used 
here facilitates the identification of the most viable alternatives. 

The screening of area-specific alternatives is not significantly 
influenced by the 1>1ay in which they are ultimately combined. Ti1at is, 

if a particular criteria excludes an area-specific alternative, that 

3944a 
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same criteria would exclude that alternative regardless of what other 
area-specific alternatives were coupled with it. Thus, the format used 
here maximizes the flexibility in assembling and evaluating site-wide 
alternatives. 

3.2 DESCRIPTION AND EVALUATION OF PRELIMINARY ALTERNATIVES 

In the following section, descriptions of the preliminary alternatives 

listed in Table 3.1 are given in sufficient detail to perform the 

initial health and cost screening. Since the technologies are 
described in Section 2.0, their applicability is only briefly mentioned 

here. In accordance with NCP specifications, the alternatives listed 
in Table 3. 1 are classified as source control or management of 
migration measures or as both. Next, the potential human health and 
environmental implications of each alternative are discussed. These 
are evaluated according to the remedial objectives identified in 
Section 1. 5. Last, a description of the major cost elements and rough 
estimates of present worth are provided with an accuracy of -50 percent 
to +100 percent. A 10 percent discount factor for a 30-year time 
period is used for recurring operation and maintenance costs. The 

costs of the current monitoring program and of the IRM already 
performed, specifically the Colbert Extension of Whitworth Water 
District No. 2, (WWD) are included as prorated costs for all the 
southern and eastern alternatives. Less easily quantified costs and 
lower cost items are considered in the detailed evaluations in 
Section 5.0. 

3.2.1 Preliminary Remedial Alternatives for Southern Area 

Alternative S- 1 - No Action 

o Description 

3944a 

In this alternative, no new or additional remedial activities 
will be conducted in the southern area. The existing 
alternate water supplies to affected residences are continued, 
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but no new hookups are provided. Groundwater monitoring of 
private wells is continued to determine the change in 
contaminant concentrations and plume migration. 

Environmental and Public Health Implications 

With no remedial action in the soutnern area, existing 
contrunination is untreated and migration continues 

indefinitely. Groundwater downgradient of existing 

contamination will eventually become contaminated, precluding 
its use as a safe water supply. Contamination in the upper 
aquifer is projected to mi grate southward, po ten ti ally 
discharging into Little Deep Creek and the lower reaches of 
Peone Creek, and may also flow into the lower aquifer near 
Colbert and migrate west. Persons using well water within tlte 

plume path may be adversely affected by ingestion of and 
dermal contact with the contaminated water. None of the 
remedial objectives are achieved. 

Costs 

Costs include installation of the Colbert Extension of WWD, 
ongoing monitoring, and continuation of \later supplies to 
residences currently hooked up. 

Capital Cos ts 
Z436,400 

Annual Operation and 
Maintenance Costs 

Z21,600 

Present Wortll 

Z640,000 

Alternative S-2 - Alternate Water Supply/Water Use Restrictions 

o Description 

3944a 

This alternative is comprised of an alternate water supply and 
water use restrictions in the southern area. The dlternate 
v,ater supply consists of r1ooking up to Syste1n 9 of 't/WD al 1 

3- 12 
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residences with contaminated groundwater that exceeds 
acceptable levels. Hookups are provided to all existing 
residences currently located wi ti1i n the contamination plume, 

existing residences whose groundwater becomes contaminated as 

the plume advances, and future residences built within the 

affected area. Because of existing capacity limitations, the 

supply system is expanded to meet these needs. This expansion 

includes upgrading the southern area of System 9, which has 

suffered water pressure proolems due to the Colbert 
Extension. Water use restrictions are imposed as residences 
are hooked up. The restrictions consist of prohibitions on 

the use of contaminated well water for in-home use. Water 

uses which do not involve direct human ingestion or dermal 

contact, such as watering the lawn, irrigation of crops, or 
watering of livestock, are allowed. 

Environmental and Public Health Implications 

Safe water supplies are assured for present and future 
residences in the southern area with contaminated 
groundwater. However, the plume of contamination in the upper 

aquifer is expected to continue migrating southward and could 
potentially discharge into Little Deep Creek and Peone Cree~. 

It may also flow into the lower aquifer near Colbert and 

migrate west. As a result, these groundwater resources ~ill 

become unsuitable as sources of drinking and bathing water. 
Overall, lluman heal th protection is excellent, but adjacent 

groundwater and surface water resources become contaminated. 
Only the first remedial objective is achieved. 

Costs 

In addition to tne costs for the existing Colbert Extension 
and well monitoring, the following dollar figures for 

Alternative S-2 include the costs for the materials and 

3-13 
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installation of additional water lines to affected residences 
and the expansion of the System 9· to adequately supply 1vater 

to the additional customers. 

Capital Costs 

g10,200,ooo 

Annual Operation and 
Maintenance Costs 

328,000 

Present Worth 

310,450,000 

Alternative S-3 - Point-of-Entry Wdter Treatment/Water Use Restrictions 

o Description 

Potential human exposure to the contaminants is prevented by 

treating the containinated groundwater at the point-of-entry 

into affected residences or other buildings in the soutnern 

area. Home-size units incorporating carbon adsorption are 

available for such applications. Treatment units are hooked 

up betv,een the contaminated water supply and the pipe whicll 

supplies the water distribution system within the house when 

the contaminants exceed acceptable levels. The treatment unit 

is maintained by regularly replacing the spent carbon, either 

by the homeowner or service vendor. Water use restrictions 
are imposed which prohibit the use of untreated water for 
in- home use. 

o Environmental and Public Health Implications 

3944a 

Point-of-entry water treatment prevents human exposure by 

removing the contaminants from the water prior to its use. 

Protection is assured as long as the treatment units are 

properly maintained. However, if the levels of contamination 

increase over those 1vhicll were used to establish the 
maintenance schedule, contaminants would break through prior 
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to detection by the routine monitoring program and adjustment 
of the schedule. The contamination in the groundwater in the 

aquifer remains essentially untreated, because the fraction 
removed by the point-of-entry units is small compared to the 

total volume of the plume. Migration of the contaminants 

continues, and may reach numerous v,ater supply wells south of 

the current plume boundaries. Protection of human health is 

good with this alternative, but groundwater resources are 

unrestored and additional ground and surface water resources 
become contaminated. Only the first remedial objective is 

achieved. 

Costs 

The dollar figures below include primarily the costs 
associated with purchasing, installing, and maintaining no,oe 

treabnent units for more than 2,000 present and future 

residences in the southern area. Costs of the existi11g 

Colbert Extension and ongoing monitoring are also included. 

Capital Costs 

z2,no,ooo 

Annual Operation and 

Maintenance Costs 

Zl ,600,000 

Present Worth 

$17,900, 000 

Alternative S-ETD - Deep Well Extraction/Water Treatment/Treated Water 

Di sci1arge/ A 1 ternate Water Supply /\~ater Use Restri cti ans 

o Description 

3944a 

This alternative is an area-specific, management-of -migrat i on 
remedial action, in wtlicn a deep v1ell ground\>Jat2r extraction/ 
treatment/discharge system is placed at the southern boundary 
of the contaminant plume . Eight wells eacn approximately 

100 feet deep extract between 200 to 320 gpm of contaminated 
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groundwater, depending on the method of discharge. The 

extracted water is treated using carbon adsorption, air 

stripping, or chemical oxidation. The treated water is ti1en 

discharged through an outfall to the Little Deep Creek, or 
back into the aquifer through a drainfield or recharge \Jells. 

Potable water is supplied by an expanded water system to 
existing or future residents whose groundwater supply wells 
are contaminated above acceptable .levels. Groundwater use in 
the southern plume area is restricted to uses other than human 
consumption and dermal contact. 

Environmental and Public Healtn Implications 

The first objective of preventing ingestion and dermal contact 

of contaminated groundwater by humans is attained in t :1is 
alternative by providing an alternate water supply and 

imposing water use restrictions. The well interception and 
water treatment system not only prevents contaminant migration 
past the existing southern plume boundary, but also removes 

the contaminants from that portion of the a qui fer. However, 

no effort is made to directly and illmediately improve the 

quality of the groundwater within the rest of plume. 

Extremely low concentrations of contaminants in the treated 

water will be further diluted to negligible levels after 

discharge in the creek or in the aquifer. Overall, the human 

health and environmental protection provided by this 
alternative is excellent, despite the fact that groundwater 
within the contaminant plume is not directly treated. Tl1is 
alternative achieves remedial objectives 1, 2, and 3. 

Costs 

The major cost items for implementing this alternative are the 

deep well extraction and collection system, the water 
treatment facility, and the discharge system. Costs for 
monitoring and the alternate water supply are also included. 
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Capital Costs 

Zl,460,000 

Annual Operation and 
Maintenance Costs 

Z204,000 

Present Wortt1 

Z3,380,ooo 

3.2.2 Preliminary Remedial Alternatives for Western Area 

Alternative W-1 - No Action 

o Description 

No actions are performed in tllis area except continuation of 
the current monitoring program. No effort is made to 
intercept the west bound, lov,er aquifer contaminant plume, and 
no alternate water supplies are provided. 

o Environmental and Public Health Implications 

If no remedial action is performed in the western area, the 
lower aquifer contaminant plume continues to migrate west. 
Wells within tne the North Glen Estates and potentially along 
Little Spokane Drive become contaminated. Ingestion or 
contact with water from these wells could cause adverse human 
health effects. Contamination also reaches the Little Spokane 

River; if the river water is chronically ingested, it could 

al so cause adverse heal th impacts. Thus, no action in t r1e 

western area may result in adverse human hedlth impacts and in 

added contaminant releases to the Little Spokane River. ~one 

of the remedial objectives are achieved. 

o Costs 

3944a 

Costs for this alternative consist only of the ongoing 
monitoring costs. 
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Capital Costs 

$10,000 

Annual Operation and 

Maintenance Costs 

$10,000 

Present Worth 

$114,000 

Alternative W-2 - Alternate Water Supply/water Use Restrictions 

o Des er i pt ion 

Similar to Alternative S-2, this alternative is comprised of an 

alternate water supply and water use restrictions in the 
1-1estern area. System 8 of the WWD is expanded and extended to 
serve North Glen Estates and residences along Little Spokane 
Drive. Water use restrictions are imposed in this area to 

prohibit human ingestion of and dermal contact with 
contaminated groundwater. Also, the use of the Little Spokane 
River water as a potable water supply is prohibited. 

o Environmental and Public Health Implications 

Safe water supplies are assured for residents with in the 

projected path of the plume. Nonetheless, contamination of tt1e 

groundwater west of the existing plume and contaminant 
discharge into the Little Spokane River occurs. Thus, human 

health protection is excellent, but groundwater and surface 

water resources become contaminated and the existing 
contaminated water remains untreated. Only the first remedial 
objective is achieved. 

o Cos ts 

3944a 

The costs of this alternative include installation and 

operation of the western area expansion of System 8 of WW D, 

hookup of residences, and monthly charges and continued site 
mo n i tor in g . 
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Capita 1 Cos ts 

32,090,000 

An nu al Operation and 

Maintenance Costs 

317,200 

Present Worth 

$2,250,000 

Al ternative W-3 - Point-of-Entry Water Treatment/Water Use Restrictions 

o Description 

Similar to Alternative S-3, point-of-entry water treatment 
units are used in this alternative to treat contaminated 

\'later. Home-sized treatment units are connected to tt1e house 

water pipi ng to decontaminate wel l water before its 

distribution within the house. Thus, all in-home uses of 

water are acceptable. Water use restrictions are imposed to 

prohibit human ingestion of and dermal contact with 
contaminated well water. Use of the Little Spokane River 

water for human consumption is also prohibited, unless similar 
treatment devices are utilized. 

o Environmental and Public Health Implications 

Human exposure to groundwater contaminants is prevented by 

utilizing home treatment systems that are properly maintained 

and by restricting the uses of contaminated well water. 

Contamination of adjacent groundwater resources and tne Little 

Spokane River occurs and existing contamination remains 
untreated. Thus, human health protection is good, but 
additional water resources become contaminated. Only the 
first remedia l objective is achieved. 

o Costs 

3944a 

The major cost items in this alternative are t:1e installation 

and maintenance of point-of-entry treatment units to 
approximately 60 to 70 residences. Costs for the ongoing 
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monitoring program in the western area are also included. 

Capital Costs 

Z52,700 

Annual Operation and 

Maintenance Costs 

zss,ooo 

Present Worth 

Z571, ooo 

Alternative W-ETD - Deep Well Extraction/Water Treatment/River 

Outfall/Alternate Water Supply/Water Use Restrictions 

o Description 

In this area-specific, management-of-migration alternative, 
contaminated groundwater from the lower aquifer is extracted 
by a ·.o1ell field located along the western plume boundary. Tne 
extraction system consists of about ten wells, eac11 

approximately 130 feet deep, collectively drawing 1,300 gplil. 
The extracted groundwdter is treated using carbon adsorption, 

air stripping, or chemical oxidation, and t l1en the treated 
water is discharged through an outfall into the Little Spokane 

River. If any of the private wells become contaminated above 

acceptable levels before this ETD system is installed, 

alternate water supplies will be provided and Yater use 

restrictions imposed. The extent and confi gura ti on of this 

alternate water supply will depend on the number of residences 
that must be served. 

o Environmental and Public Health Implications 

3944a 

Prevention of contaminated groundwater consumption or dermal 

contact by humans in the ·.o1estern area is attained in this 
alternative by preventing contamination of wells to the west 
of the plume boundary. The interception of the ~,es tern plume 
prevents degradation of the groundwater resources in yeneral 

and th-= eventual discharge of conta,ninants from tl1e lower 

3-20 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

aquifer into the Little Spokane River. The residual 

concentration of contaminants in the treated water are 

extremely low and are further diluted after discharge to the 

river. Thus, there are no health implications associated with 
the outfall discharge. Overall, excellent protection of human 
health and the environment is provided, although groundwater 
contamination within the plume is not directly remediated. 
This alternative achieves remedial objectives 1, 2, and 3. 

o Cos ts 

The extraction \°'ells, water treatment system, and outfall, 
comprise the majority of the costs for this alternative. 

Monitoring is included as a baseline cost. 

Capita 1 Costs 

$1,130,000 

Annual Operation and 

Maintenance Costs 

$2,090,000 

Present ~-lorth 

$20,800,000 

3.2.3 Preliminary Remedial Alternatives for Eastern Area 

Alternative E-1 - No Action 

o Des er i pt ion 

3944a 

No additional action is provided in this alternative to 
remediate contamination witl1in the eastern area. WWD 
continues to supply potable water to the residences currently 
hooked up to the Colbert Extension, but no ne\l hookups are 

provided. Well monitoring is continued to track levels of 
contamination. 
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o Environmental and Public Health Implications 

Groundwater resources in the eastern area remain untreated, 
and some additional contaminant 1nigration within the eastern 
area may occur. Also, contamination migration from this area 

to the south and west continues. Groundwater contamination in 

this area decreases only as a result of natural dispersion and 

flushing of the contaminants out of the lower aquifer. Most 

of the residents in the eastern area are currently served by 

the Colbert Extension. However, the few current residents not 
hooked up and future residents who move into the area will not 
have a safe water supply. The Wahoo Addition supply wells and 
private wells in North Meadm·1s Addition may also oecome 
contaminated. Thus, human health protection is inadequate. 
The goals of migration control and groundwater restoration are 
not attained. None of the remedial objectives are achieved. 

o Costs 

Costs for this alternative include installation of the 

existing Colbert Extension, continued water supplies, and 
ongoing monitoring. 

Capital Costs 

$1,200,000 

Annual Operation and 

Maintenance Costs 

$15,250 

Present Worth 

$1,340,000 

Alternative E-2 - Alternate Water Supply/Water Use Restrictions 

o Description 

3944a 

Similar to Alternatives S-2 and W-2, alternate water supp l ies 
are provided in this alternative to present and future 
residents in the eastern area if their groundwater supply 
exceeds acceptable contaminant levels. Potential areas f or 
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hookups include the Wilson Heights, Open Air, Wahoo, and North 

Meadows developments. Water use restrictions are imposed to 
prohibit the use of contaminated water for human consumption 
or bathing. 

Environmental and Public Health Implications 

In the eastern area, human health is protected by providing 

safe water supplies and restricting groundwater use. Existing 

contamination remains untreated, dnd is reduced only Dy virtue 
of its migration southward and westward to other areas of tne 
site. Tt1us, this alternative provides very good human health 
protection, but provides little protection or improvement of 
groundwater resources. Only the first remedial objective is 

achieved. 

Costs 

Costs are comprised of expansion and charges for hookups to 

the Colbert Extension, and baseline costs ·for the existing 
Colbert Extension, and the ongoing monitoring program. 

Capital Costs 

$3,470,000 

Annual Operation and 

Maintenance Costs 

$31,500 

Present Wortl1 

$3,770 ,JOO 

Alternative E-3 - Point-of-Entry Water Treatment/Water Use Restrictions 

0 

3944a 

Description 

Similar to Alternatives S-3 and W-3, point-of-entry treatment 
of contaminated groundwater is utilized in this alternative 

for the eastern area. Home - sized treatment units are provided 

to an estimated 80 to 90 present and future residences ~ith 

contaminated groundwater exceeding acceptable levels. The 
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units are inserted in the piping prior to distribution of 

water within the residence. Water use restrictions are also 

imposed to prohibit human ingestion and skin contact witll 

contaminated groundwater. 

Environraental and Public Health Implications 

Current and future residents located in the eastern area are 
assured a safe water supply, provided the home treatment uni ts 
are properly maintained. Groundwater contamination remains 

and continues migrating to the west and south. Thus, human 

health protection (s very good, but the existing contamination 

remains and plume migration continues. Only the first 
remedial objective is achieved. 

Costs 

Costs for this alternative consist of the capital and 
maintenance costs for the point-of-entry treatment uni ts, the 
baseline costs for the existing Colbert Extension, and the 

ongoing monitoring program'. 

Capital Costs 

$2,320,000 

Annual Operation and 

Maintenance Costs 

$76,700 

Present \fortl1 

Z3,060,000 

Alternative E- ETD - Deep Well Extraction/Water Treatment/River 
Outfall/Alternate Water Supply/ Water Use Restrictions 

o Description 

3944a 

In this source control and management-of-migration 
alternative, extraction wells are ?laced to the north and east 

of the 1 andfi 11 wi tni n t11e area suspected to contain secondary 
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sources of contamination. A system of twelve wells, each 

approximately 180 feet deep, collectively extract about 
600 gpm of contaminated groundwater from the region where the 
upper and lower aquifers are connected. The extracted 
groundwater is pumped to a carbon adsorption, air stripping, 
or chemical oxidation treatment facility. The treated water 

is discharged through an outfall into the Little Spokane 

River. An alternative water supply is provided to residents 

within the eastern area whose well water supply becomes 

contaminated above acceptable levels. Water use restrictions 

are imposed over this area prohibiting use of contaminated 
groundw~ter for human consumption and dermal contact. 

Environmental and Public Health Implications 

Contaminated groundwater continues to migrate to the west and 

the south, although the contaminant quantities are reduced as 

a result of the source control measure. Thus, wells south and 

west of the existing plume will eventually become 

contaminated. Contaminant discharges into the Little Spokane 

River continue and eventua l ly may increase, but human health 
impacts from these discharges are es ti mated to be mi nor. 
Residual contaminants i n the treated water have negligible 
imp act fo 11 owing discharge in to the river. Over a 11 , human 
health protection within the designated area is excellent, 
since alternate water supplies are provided to affected users 

and groundwater use restrictions are imposed. Groundwater 

quality is restored as the contaminants are extracted and 

treated, so that environmental protection is addressed as 

well. Despite tnese remedial activities, the contamination 

migration continues, and remediation in the western and 

southern areas is necessary to provide complete protection. 

Remedial objective 1 is achieved, and 2, 3 and 4 are partiall y 
addressed. 
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0 Costs 

The major cost items of this alternative are the extract ion 

wells, the water treatment facility, the outfall, and 
additional hookups to WWD. The existing Colbert Extension and 

ongoing monitoring are included as baseline costs. 

Capital Costs 

$3,120,000 

Annual Operation and 
Maintenance Costs 

$963,000 

Present Worth 

$12,200,000 

3. 3 SffiEENING OF PRELIMINARY REMEDIAL ALTERNATIVES 

The preliminary alternatives described and evaluated in Section 3.2 are 
now screened according to environmental and public human health 
considerations and order-of-magnitude cost. Table 3-2 summarizes the 
preliminary alternatives, listing the attainment of remedial 
objectives, compliances with regulatory standards, and present worth 
values. In the following sections, these factors are discussed, and 
those alternatives which do not pass this initial screening are 
eliminated from further consideration. 

3.3.l Environmental and Public Health Screening 

The most important consideration in assessing the preliminary 
alternatives is protection of human health and the environment. 
Irrespective of cost, any alternative that does not sufficiently 

remediate present or future health hazards should be eliminated. Based 

on the Risk Assessment, remedial objectives \Jere identified and 

prioritized. Briefly, the highest priority objective is prevention of 
human ingestion or dermal contact with groundYater contaminated above 

the EPA l~Cls or MAC values. The second priority objective is the 
prevention of additional contarninant migration in the aquifers. The 
third priority objective is prevention of contaminant releases into tne 

3944a 
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TABLE 3-2 

SUMMARY OF PRELIMINARY Al TERNATIVES BY REMEDIAL OBJECTIVES, NCP CATEGORIES AND PRESENT WORTH 

Preliminary Alternatives By Areas 

Southern Western Eastern 
Remedial 

Dbjec ti ves S-1 S-2 S-3 S-ETD W-1 W-2 W-3 W-ETD E-1 E-2 E-3 E-ETD 

1. Prevention of Dire::t No Yes Partial Yes No Yes Part fa 1 Yes No Yes Part fa 1 Yes 
Human Exposure 

2. Prevention of Contaminant No No No Yes No No No Yes No No No Part ia 1 
Migration in Aquifers 

3. Prevention of Contaminant No No No Yes No No No Yes No Ho Ho Partial 
Releases to Surface 
Water 

w 4. Treatment of Groundwater No No No No No No No No Ho Ho No Part ia 1 
I Within Existing Plumes 

N 
....... -------------------------------------------------------------------------------------------------------------------------------------------------------------

HCP Remediation Categories: 

1. No ktfon X X X 

2. Nonattainment of X X X X X X X X X 
Relevant or Applicable 
Standards but Major 
Health Issues Addressed 

3. Attainment of X X X 
Relevant or Applicable 
Standards 

4. Exceedence of X X X 
Relevant or Applicable 
Standards 

Present Worth: 
(million dollars) 

$0.64 $10.45 $17.9 $3.38 $0.11 $2.25 $0.57 $20.8 $1. 34 $3.77 $3.06 $12.2 
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Little Spokane River and other surface \1aters. Finally, i1nprovement or 

restoration of groundwater already contaminated is the lowest priority 

objective. 

At a minimum, safe water supplies to potentially affected residents 

must be assured in order to avoid exposure to contaminated water. In 
addition, although a safe water supply may be available, continued or 

future uses of contaminated water must be restricted to avoid hannful 
exposures. Thus, any alternative in whicn a continuous, reliable 
source of a safe drinking water supply is not guaranteed is rejected as 

inadequate. 

The remaining objectives are offshoots of the primary objective in that 

they address immediate or eventua 1 human exposure by contra 11 i ny 

contaminant migration. However, attainment of these objectives may not 

be necessary or sufficient to prevent exposure and adverse impacts. 
Further contaminant migration to adjacent groundwater and surface 
waters may render them potentially hazardous to health, but does not 
imply that exposures \>lill occur since there are other measures 
available to prevent it. Also, attainment of these objectives may not 
be sufficient to prevent exposures. For exaraple, migration control and 
the cleanup of existing contamination does not ensure that someone •.,ill 
not consume contaminated groundwater while remediation is in progress. 

Thus, attainment or non-attainment of the remaining objectives is not 

sufficient to include or exclude, respectively, an alternative. 

The no-action alternatives for all three areas in the Colbert Landfill 
Site do not prevent numan exposure to contaminated groundwater since 
they do not control its migration to existing water wells or provide an 
alternate water supply. Therefore, the no-action alternatives are 

inadequate and should be rejected. 

Alternatives S-2, W-2, and E-2, which include alternate \later supply 

from WWD and water use restrictions, prevent public exposure to 
contaminated water, provided they are iraplemented in the areas of 
present and future contamination. These alternatives do not prevent 

3944a 
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contaminant migration or releases to surface waters, and do not treat 
existing contamination. Nonetheless, these alternatives were retained 

as they prevent unacceptable contamination exposures to humans. 

Alternatives S-3, W-3, and E-3 all utilize point-of-entry treatment 

units for residences. Generally, when properly maintained and 

monitored, these units can treat the water to acceptable levels. 

However, in many of the areas of contamination, frequent maintenance 
may be necessary. The conta111inant methylene chloride; found in the 

western and eastern areas, is not readily adsorbed by carbon, so 

frequent monitoring and replacement of spent carbon (perhaps every two 

to three months) would be essential to insure adequate treatr.1ent 11ith a 
carbon adsorption unit. This maintenance can either be performed by 
the homemmer or provided as a service by a local vendor. If the 
carbon is to be replaced by a vendor, then they would need routine 
access to the units located in the residences. Due to potential 
fluctuations in contaminant concentrations and the lack of simple 

detection devices to indicate saturation of the treatment units, 
failure to treat contaminated water to acceptable levels is likely. 
Taking into account all of the above drawbacks, these point-of-entry 

alternatives were determined to not adequately protect public health 

and therefore were eliminated from further consideration. 

In Alternatives S-ETD and W-ETD, alternate water supply and water use 
restrictions accompany a plu1ne interception system consisting of 

groundwater extraction, treatment, and discharge in the respective 
areas. With this combination, some residents are supplied 11ith a safe, 

alternate water supply while others are protected by preventing 

contamination of their wells and groundwater resources in general. 

Contamination of surface water is also prevented. The only remedial 

objective not attained is the direct treatment of contaminated 

groundv,ater \lithin the existing plume. Since public health protection 
goals are attained, these alternatives were retained. 

Alternative E-ETD includes the s~ne features as do Alternatives S-ETu 
and W-cTD, except because of its location it has different effects. 
~lost importantly, human health 1/ithin the area is protected by an 

3944a 
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alternate water supply and water use restrictions. Groundwater 
contamination is directly treated, thereby satisfying the last remedial 

objective. However, contamination migration and releases to surface 

waters are reduced, but not eliminated. Thus, safe water supplies in 

the southern and western regions must be assured by appropriate 

remedial alternatives specific to those areas. With this consideration 
in mind, Alternative E-ETD is judged to provide adequate human health 

protection, and was retained. 

3.3.2 Achievement of ARAR and Conformance to NCP 

As mandated in the NCP requirements, alternatives spanning the range of 

all five categories must be investigated in the development of the 

preliminary alternatives. It was noted that the option of off-site 

treatment of all wastes is infeasible due to prohibitive transport 

requirements. The remaining four categories are represented in 

Table 3-2. 

The NCP further stipulates that if all alternatives within an NCP 
category are eliminated in the preliminary health and cost screening 
at least one alternative from that category must be carried forward and 
presented to the deciding party with an explanation for its 
elimination. In this case, the only category which has been eliminated 
is no-action, which does not provide adequate health protection. 
Therefore, in accordance with the NCP requirements, the no-action 
alternatives v1ere carried forward. Inclusion of these alternatives 

also provides a baseline for evaluating other alternatives. 

3.3.3 Cost Screening 

The final criterion for screening the preliminary alternatives i s 
cost. Alternatives which provide an equivalent level of health 
protection as a second alternative yet are an order-of-magnitude more 

costly may be eliminated. However, this screening step does not allorl 

for eliminating alternatives which cost the same yet provide different 

levels of health protection. 

3944a 
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The alternatives remaining after the health screening provide different 
levels of health protection. No-action provides no health protection; 

the alternate water supply alternatives adequately protect human health 

but do not prevent additional contamination of groundwater resources; 
and the extraction, treatment, and discharge options protect both the 
public health and water resources. Thus, despite the wide variation in 

costs, at this stage, no alternatives were eliminated based on costs. 

3.4 FINAL CANDIDATE ALTERNATIVES 

Of the original twelve preliminary alternatives, consisting of four 

similar alternatives for each of the three areas, the no-action 
alternatives (S-1, W-1, and E-1) and the point-of-entry water treatment 

alternatives (S-3, W-3, and E-3) were determined to not provide 
adequate protection of health. Although both sets of alternatives 
could be eliminated on this basis, the no-action alternatives were 
retained to provide a baseline analysis. Thus, only the point-of-entry 
treatment alternatives were dropped. Because the level of health 
protection varies in the remaining alternatives, cost cannot be used as 
a basis to exclude any, despite significant cost differences. 

The list of remaining, "final candidate" remedial alternatives is 

presented in Table 3-3. These alternatives are described in detail in 

the succeeding section, where tne specific extraction, treatment, and 

discharge operations are identified. Then, the alternatives are 
evaluated in Chapter 5.0. 

3944a 
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TABLE 3-3 

FINAL CANDIDATE REMEDIAL ALTERNATIVES 

Southern Area 

S-1 No-action. 

S-2 Alternate Water Supply/Water Use Restrictions. 

S-ETD Extraction, Treatment, and Discharge/Alternate Water 
Supply/Water Use Restrictions {to be expanded into 

Alternatives S-4, S-5, S-6, S-7, S-8, S-9, S-10, S-11, 

Western Area 

W-1 

'rJ-2 

W-ETD 

No-action. 

Alternate Water Supply/Water Use Restrictions. 

Extraction, Treatment, and Discharge/Alternate Water 
Supply/Water Use Restrictions {to be expanded into 
Alternatives W-4, W-5, W-6, and W-7). 

Eastern Area 

E-1 

E-2 

E-ETD 

3944a 

No-action. 

Alternate Water Supply/Water Use Restrictions. 

Extraction, Treatment, and Discharge/Alternate Water 
Supply/Water Use Restrictions {to be expanded into 
Alternatives E-4, E-5, E-6, and E-7). 
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4.0 DESCRIPTIONS OF FINAL CANDIDATE ALTERNATIVES 

The purpose of this section is to present a detailed description of ti1e 
remedial alternatives that were selected during the initial screening 
presented in Section 3.0. These detailed descriptions will provide the 
basis for performing the detailed evaluation of technical, 

institutional, public health, and environmental aspects, and more 

accurately estimating costs in Section 5.0. 

The description of eacl1 remedial alternative includes the following: 

o The intent of the remedial alternative, such as management of 

migration; 

o Key features of the alternative, i.e., description of t i1e 

technologies and associated components making up the 

alternative; 

o Preliminary conceptual design of major facilities, equipment 
and c6nstruction components; 

o Performance information on technologies; 

o Special engineering, sJfoty, environmental, puo l ic health, anJ 

institutional considerations that affect the feasibility of 
each alternative; 

o ~aps depicting the locations or service boundaries of the 
alternatives; 

o Both short-term and long-term operation, maintenance and 

monitoring requirements; and 

o Aspects of the Colbert Landfill Site contamination that the 
alternative does not address . 

4177a 
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The descriptions and preliminary designs were developed to a level of 

detail sufficient to permit the development of cost estimates witn an 

accuracy from -30 percent to +50 percent. However, these detailed 

descriptions should not be interpreted as final decisions. The 

conceptual design of the selected alternative(s) will be developed 

based on public input, current agency policies, and additional 
knowledge of the site and chosen technologies. 

As indicated in Section 3.0, the Colbert Landfill Site has been divided 
into three areas -- southern, western, and eastern -- for the purposes 

of evaluation and selection of remedial alternatives. The descriptions 
of each group of area-specific alternatives is preceded by an overview 
of the alternatives and the rationale for their inclusion. The 
alternatives previously addressed as groundwater extraction, treatment, 

and discharge (ETD) options are now broken down according to the 
specific technologies and are numbered, such as S-4, W-4, and E-4. 

Since these ETD alternatives consist of various permutations of deep 
well extraction, treatment methodologies, and discharge options, tl1e 
different technologies are only described in detail when initially 
introduced. Thereafter, reference is made to the initial description 

when the same technology is a component in other alternatives. 

4.1 FINAL CANDIDATE ALTERWATIVES FOR SOUTHERN A~EA 

As was discussed in greater detail in Chapters 1.0 and 2.0, the 
southern area is primarily suburban and large areas are potentially 
threatened by the upper aquifer plume containing TCA, DCA, DCE, and 

TCE . Along with the mandatory inclusion of the no-action alternative, 
alternate water supply and ground't1ater extraction, treatment, and 
discharge options were selected for detailed evaluation. 

~hitworth Water District No. 2 (WWDJ presently has a water supply 
system servicing residences witl1in the southern area. Expansion Jf 
this system has been planned by WWD not only to address ground ... ,ater 
contamination, but also to meet the ne~ds of a developing area. ~~O 

has determined that aquifers in System 8 are of sufficient capacity to 
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serve System 9, so a pressurized public water system is a viable 
alternative. It provides a reliable source of safe drinking water, but 
does not treat contaminated groundwater. 

The extraction, treatment, and discharge options consist of nine 
variations of the same overall process. Extraction wells placed at the 
southern plume boundary intercept and pump out the contaminated 
groundwater at a rate of 200 to 320 gpm. Based pn the predicted flow 
rates and the contaminant composition, one of three water treatment 
technologies, carbon absorption, air stripping, or chemical oxidation 
may be successfully used to remove the contaminants. Three discharge 
options are available based on site conditions: discharge through an 
outfall to Little Deep Creek; discharge to a drainfield; and discharge 
through recharge wells. Each of these nine options includes, where 
needed, an alternate source of water through hookup to the existing 
supply system and includes expansion of the system in the south, as 
described by PEC (1986) in their Immediate Needs Plan to correct low 
pressure problems caused by the Colbert Extension. 

4.1.1 Alternative S-1. No-Action 

The no action alternative for the southern area only includes 
continuation of the existing Initial Remedial Measures and the current 
monitoring program. Water continues to be supplied through the Colbert 
Extension of Whitworth Water District No. 2 to the approximately ten 
residences presently hooked up in the southern region (Figure 4-1). 
Approximately 150 samples are obtained on a quarterly basis from 30-40 
private and monitoring wells in the area in order to continue tracking 
contaminant migration. Wells are sampled progressively further south 
to determine the advance of the contaminant front in the upper 
aquifer. The samples are analyzed for the six contaminants of concern 
by ABC laboratories. 
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The no-action alternative for the southern area does not halt future 

migration of the contaminant plume, does not clean up the contdminated 

groundwater, and does not provide for additional hookups to the Colbert 

Extension or another source of uncontaminated drinking water. 

4.1.2 Alternative S-2. Alternate Water Supply/Water Use Restrictions 

An alternate water supply and water use restrictions in the southern 
area comprise this alternative. Based on the projected contaminant 

plume path, numerous water supply wells south of the existing 

contamination may become contaminated. Thus, a pressurized ~ater 

distribution system is constructed to expand System 9 of Whit·11orth 
Water District No. 2 in order to serve Hermsmeier's Addition, the ~ahoo 

Addition, the North Meadows Addition, the Riverview Hills and Hilltop 
Additions, Ballard's Addition, Shenandoah Forest Park, and all other 

residences within the area depicted in Figure 4-2. The expansion is 
sized to include not only existing residences, but also accounts for 

anticipated growth in the area, since uncontaminated groundwater can 
not be guaranteed for future use. According to initial estimates, at 

least 200 existing residences may be affected. Based on long-term 
growth estimates of WWO, about 2,400 new residences will be built in 

the southern area and require hookup. 

The proposed expansion of W\W is a modification of the "Immediate" and 
the "Long-term" Needs Plans developed by Pacific Environmental 
Consultants (1986) and updated in July 1986 (Haggarty 1985a ) , exce~t 
that areas outside of tne projected plume path are excluded. This plan 
consists of meeting the immediate needs of the southern area and 

expanding to meet the projected population increase in the next 20 to 

30 years. The immediate needs project consists of several components 

necessary to offset low-pressure problems causeJ by construction of the 

Colbert Extension: a new 5,000 to G,000 gpm well constructed in WWD 

System 8; a 3,000 gpm pumping station and connecting transmission 

mains; a 1.5 million gallon reservoir and connecting transmission 
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mains; and a distribution intertie under Highway 2. Additional 

components are added to meet the projected long-term needs: a second 
3,000 gpm pumping station and connecting mains; a second 1.5 million 
gallon reservoir and connecting mains; river and highway crossings; 
booster pumping and pressure regulating valve (PRV) stations; 24-inch 

to 6-inch transmission and distribution mains; and hookups to 
approximately 2,400 residences. 

The major compone~ts of the alternate water supply system are initially 
constructed, but residential hookups are coordinated •1Jith the 
monitoring program. As the contaminant plume migrates south, 

residences are hoo~ed up before their groundwater is contaminated with 
any of the six contaminants above the health limits listed in Taole 

1- 4. New residents may elect to hook up to the system or drill a 

private well, depending on their proximity to the contaminant plume. 

Monitoring wells such as the one depicted in Figure 4- 3 are installed 

in order to assist in monitoring plume migration. Approximately four 

additional monitoring wells are proposed, primarily to fill in gaps 

where private and monitoring wells are not available in locations 
upgradient of wells servicing many homes, such as the purveyor well 
serving the Hilltop and Riverview Additions. Approximately 26 wells 
are sampled quarterly and analyzed for the six contaminants of 
concern. This number increases to about 52 wells after fifteen years 
as the plume migrates further south into higher populated areas. 

Water use restrictions are also imposed. In areas of groundwater 
contamination, groundwater may not be safely used as a drinking water 

source or for bathing. Although indoor uses such as clothes \vashing 

and dishwashing are acceptable, all in-home uses are prohibited to 

avoid acci den ta 1 exposures. Uses outside the house sucr1 as wa teri 119 
livestock and irrigating crops are not restricted. · A public education 

program is established to inform residents of the remediation plans and 
restrictions, and may consist of mailings, public meetings, and 
designation of a contact person. 
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The alternate water supply alternative provides a safe drinking water 

supply, but does not halt the plume migration or treat the contaminated 
groundwater. 

4.1.3 Alternative S-4. Deep Well Extraction Along Southern Plume 
Boundary/Carbon Adsorption/Creek Outfall/Alternate Water 

Supply/Water Use Restrictions 

In this area-specific, management-of-migration alternative, a deep well 

groundwater extraction system is placed at the southern contaminant 

plume boundary and the extracted water is treated using carbon 
adsorption, then is discharged to Little Deep Creek (Figure 4-4i. A 
generalized schematic diagram of this and all the extraction treatment, 
and discharge alternatives is shown in Figure 4-5. 

Eight 8'' - screen diameter, 100-foot deep wells pumping 20-30 gallons per 
minutes (gpm) each are located south of Woolard Road and north of 

Bernhill Road, in a 2,500 foot line extending roughly from west of 

Highway 2 to east of Yale Road. A test well, which is later used 

continuously, is first drilled and a pumping test is performed to 
evaluate pumping and hydrologic parameters. Water pumped during this 

test phase is treated using a portable treatment system, to be 
identified in the conceptual design phase. Later, the remaining seven 
wells are drilled and developed. A typical well for the southern area 
is depicted in Figure 4-6, and a schematic of the well system is shown 
in Figure 4-7. The exact location of the wells will be determined 
during the design phase from hydrological information and from current 

land use. Some variability in the location is technically acceptable, 

so that undesirable locations may be avoided to some extent. The 

features visible from the surface will be only a protective cover 
elevated one to two feet off the ground. Three monitoring wells as 

shown earlier in Figure 4-3 are drilled and sampled periodically to 
ensure that no contamination is migrating past the extraction wells. 
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A subsurface manifold collects and transports the extracted groundwater. 
Three-foot deep trenches are dug, the piping is assembled and placed in 
the trench on crushed rock bedding, and the trenches are backfilled. 
Highway 2 and Yale Road are jacked to place piping underneath the 
roads. Trenches are dug on both sides of the roads, and a steel pipe 

is hydraulically driven underneath the road. The manifold piping is 

then placed inside the steel pipe. 

The collection manifold conveys the water to a carbon adsorption 

treatment facility located on Yale Road. A schematic diagram of the 

facility is shown in Figure 4-8. The water is discharged into a 1,000 

gallon subsurface storage sump. One operating and one backup 

5-horsepo\~er, fiberglass centrifugal pump are available to pump 200 gpm 
of water. The water is pumped through a series of two activated carbon 

contact vessels, and has a total residence time of about 15 minutes. 
· The contaminants in the groundwater adsorb to the carbon as the water 
flows through and the treated water is collected in a second pump . 

Influent and effluent water samples are analyzed daily, at first, to 
measure treatment performance. Later, the frequency is reduced to once 
per month. 

Performance data for activated carbon are shown below (O'Brien and 
Fi sch er 1983 ) . 

Compound 

1,1,l - Trichloroethane (TCA) 

1,1 - Dichloroethylene (DCE) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

Methylene Chloride (MC) 

Influent 
Concentration 

( µg/1) 

60-25,000 
5 - 4,000 

5 - 15,000 
5 - 70,000 

1,000 - 21,000 

Effluent 
Concentrati on 

( µg/ 1) 

d 

d 

d 

d 

<100 

Generally speaking, activated carbon will remove all the contaminants 
of concern to levels in the 1-3 µg/1 range, below the health levels 
identifi ed in tile risk assessment. Activated carbon treatment has be~ n 
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utilized frequently for the contaminants found at this site, so 

treatability studies are unnecessary. The carbon eventually becomes 

saturated with contaminant ("spent'' or "exhausted"). Because of the 

series configuration of the contact vessels, the leading contacter is 

exhausted first. A fresh load of activated carbon is delivered and, 
after the spent load is transferred to a holding truck, the fresh load 
is hydraulically transferred to the vessel. The fresh bed is 

backwashed to remove carbon fines. The carbon fines may be collected 
and disposed appropriately or returned to the vendor. The sequence of 

the flow of water through the two vessels is then reversed, so that the 
fresh bed is the second contact vessel and can more effectively remove 
contaminants. Approximately 80,000 pounds of carbon per year is 
replaced, requiring a 20,000 pound truckload of carbon every three 

months. The spent carbon is transported to a permitted treatment 

facility in another state; there, the carbon is regenerated by heating 
the activated carbon to high temperatures to destroy the contaminants . 

A pre-engineered steel building is constructed to house the treatment 
facility. The structure is designed to contain the sumps, the 
skid-mounted carbon vessels, and pumping and piping equipment. The 

building is constructed with large garage doors to allow access, is 

about 25 feet high, is insulated to prevent freezing, and the site is 

fenced to prevent intrusion. Power lines are connected and wiring 

installed to operate the pumps, lighting, garage doors, and other 

equipment. An alarm system is installed to indicate equipment failure 

and is wired to the home of a designated operator. Land is acquired t o 
site the facility. 

The treated water is discharged to Little Deep Creek through 

underground p1p1ng. Three- foot deep trenches are dug from the second 
sump, along Yale Road, then diagonally to the creek. Four-inch, 

schedule 80 PVC pipe is assembled and placed on a crushed rock bedding, 
and the trenches are backfilled. Water is discharged to the creek 

through an outfall to prevent scouring of the creek bed (Figure 4- 9) . 
An NPDES permit is acquired for the discharge, and is renewed every 
five years. 
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Although this system is designed to halt further migration of the 

contaminant plume, there ma1 be wells on the outer edges of the plume 

which become contaminated, so hookup to the Whitworth Water System is 
provided as necessary; perhaps 35 to 45 existing and future residences 
may be affected. Also, new residents who locate within the existing 

plume are hooked up. Water use restrictions are also imposed in the 
southern areas overlying the existing plume. As described in the 

previous section, contaminated groundwater may be used for livestock 

and plant watering, but its in-home use is prohibited. 

Also included in this alternative is upgrading the Whitworth Water 

System to correct low water pressure problems according to the 
immediate needs plan described in Alternative S- 2. 

Alternative S-4 ensures safe water supplies, prevents contaminant 
migration into adjacent groundwater or surface waters, but does not 
directly treat contaminated groundwater over the extent of the plume. 

4.1 . 4 Alternative S-5. Deep Well Extraction Along Southern Plume 

Boundary/Air Stripping/Creek Outfall/Alternate Water 
Supply/Water Use Restrictions 

Alternative S-5 is identical to Alternative S-4 except that ai r 
stripping replaces carbon adsorption as a means to treat the 
contaminated groundwater. A location map of the Alternative is shown 

in Figure 4- 4. The same deep extraction well and collection manifold 
pumps and delivers the extracted groundwater to the treatment facil i ty 
located on Yale Road . 

The treatment facility consists of two storage sumps, two pumps, an air 
stripping tower, a blower, and an air preheater fueled by propane, as 

shown in Figure 4- 10. Water from the collection manifold is stored in 
a subsurface, 1,000 gallon, concrete sump. Two hundred gpm of water is 
pumped with a 3.3 horsepower, fiberglass, centrifugal pump through PVC 
piping to the top of the air stripping tower. A second, identical pump 

and piping system is available as a backup. The air stripping tower i s 
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constructed of fiberglass reinforced plastic (FRP) and is 3 feet in 

diameter and about 20 feet high. It is packed to a height of 15 feet 
with small, lightweight, irregularly shaped objects over which a thin 

film of water flows. Alternatively, grids may be placed in the tower 

to cause the water to flow as a thin film. As the water flows down the 
tower, a 15 HP fan blows a 6,000 cubic feet per minute (cfm) air stream 
up the tower, producing an air to water flow ratio of 200 to 1. The 

air stream volatilizes the contaminants from the water into the air, 

and carries them out the tower. An air preheater is included for use 

during cold weather. A demister at the top of the tower controls the 
emission of water mist. Equipment is available to remove the airborne 
contaminants from the effluent gas stream; such equipment is not 
included here, but it may be retrofitted onto the treatment facility if 

necessary. As described in Appendix F, however, the predicted 
concentration of contaminants at the tower stack is less than OSHA air 
quality standards by factors of 100 or more, and dispersion in the 
atmosphere reduces the concentrations by additional orders of 
magnitude, even near the facility. 

The tower may be operated continuously with very few maintenance 

requirements. In addition to maintenance and lubrication of the pumps 

and fan, the tower is rinsed monthly with a hypochlorite solution to 
inhibit bacterial growth. 

to discharge of the water. 
Residual hypochlorite is neutralized prior 
Sampling and analysis of influent and 

effluent water is initially performed frequently to determine and 

improve treatment efficiency, and is reduced as operating conditions 
are established. 

The actual design of an air stripping tower is preceded by pilot 

studies to determine tower dimensions and air to liquid flow rates . 
These parameters are determined primarily by the contaminant 
properties, the water flow rate, and the desired removal. Generally, 

the contaminant removal may be 95 to 99 percent complete or higher, 
provided the contaminants are sufficiently volatile. The contaminants 
present in the upper, southbound aquifer are considered suitable to air 
stripping, as indicated by a Henry's Law coefficient in excess of 0.003. 
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Compound Henry's Law Coefficient (Atm m3/gmol) 

1,1,1 - Tricholorethane (TCA) 0.0180 
1,1 - Dichloroethylene (DCE) 0.0236 
1,1 - Dichloroethane (DCA) 0.0058 
Trichloroethylene (TCE) 
Tetrachloroethylene (PCE) 
Methylene Chloride (MC) 

0.0100 
0.0083 
0.0030 

A pre-engineered building with the same features as discussed in the 
previous section is included. The building is smaller in this case, 
approximately 20 feet by 30 feet by 20 feet high, because the air 
stripping tower is located outside on a concrete pad. A propane supply 
tank for the air preheater is located on the grounds, and is refilled 
as necessary by a local supplier. 

The outfall to Little Deep Creek is identical to that used in 
Alternative S-4, and its description may be found in that section. The 
alternate water supply provisions, water use restrictions, public 
information program, and groundwater monitoring plans are also 
identical. 

This alternative halts further migration of contaminants to adjacent 
groundwater and surface water, and provides a safe water supply to 
residents. It does not directly treat the groundwater within the 
existing plume. 

4.1.5 Alternative S-6. Deep Well Extraction Along Southern Plume 
Boundary/Chemical Oxidation/River Outfall/Alternate Water 
Supply/Water Use Restrictions 

Except for the replacement of carbon adsorption by chemical oxidation, 
this alternative consists of the same operations as does Alternative 
S-4. Deep wells extract groundwater, which is piped to a housed 
chemical oxidation treatment facility located on Highway 2. 
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The chemical oxidation treatment facility consists of two 1000 gallon 
storage sumps and one of two chemical oxidation facilities, ozone/UV or 
hydrogen peroxide/UV. In the ozone/UV treatment process (Figure 4-11), 
the water is pumped in a serpentine path through a reactor and has a 

residence time of five to ten minutes. Approximately 125 pounds per 

day of ozone is generated and diffused into the reactor. The ozone is 
prepared by compressing and drying air, then passing the air through a 

corona-arc discharge ozonator which conv.erts oxygen to ozone. The 
ozone combined with ultraviolet radiation from lamps placed in the 

reactor degrade the contaminants to water, carbon dioxide, and chloride 
ion. The ozone/UV process operates continuously, and the maintenance 

requirements include periodic ozonator and air filter. cleaning, annual 

replacement of the UV lamps, occasional servicing of the air 
compressor, replacement of drying chemicals, as well as pump 
maintenance. Frequent sampling and analysis of influent and effluent 

water determines the treatment efficiency so that operating conditions 
may be optimized. As the process is stabilized, less frequent sampling 
is necessary. 

The hydrogen peroxide/UV process (Figure 4-12) utilizes a similar 

reactor configuration and water residence time as does the ozone/UV 

process. Instead of generating ozone on site, however, 50 percent 
hydrogen peroxide solution is shipped to the facility, stored in tanks, 

and pumped into the reactor. About 6,000 gallons of 50 percent 
hydrogen peroxide are required annually. Strong, medium pressure 

ultraviolet lamps in the reactor split the hydrogen peroxide into 
highly reactive hydroxyl species and also assist the hydroxyl radicals 
in degrading the contaminants to carbon dioxide, water, and chlori de 
ion. Residual hydrogen peroxide is quickly degraded by contact with 

metals. This system also operates 
includes annual replacement of the 
of water and chemical feed pumps. 

continuously and maintenance 
60 ultraviolet lamps and servicing 

Hydrogen peroxide must be supplied 
every eight months if a 5000 gallon storage tank is used, or every two 

months with 1000 gallon tank . A similar water sampling and analysis 
program to that used for ozone/UV is used with hydrogen peroxide/UV to 
optimize operation. 

4177a 
4- 22 



------~~---~~-~~--~ 

.p. 
I 

N 
w 

PRE-EN INEERED 
STEEL UI LDING 

i, Ci ., 

I NFl.UENT 
SUMP 

OZONE/UV 
REACTOR ~ 

CENTRIFUGAL 
PUMPS 

UL TRAV IOL ET 
LAMP BANKS 

1 r: ozoNE 
~ STORAGE 

DOD 
0 0 

OZONE 
GENERATOR 

-
FLOW PATH THROUGH BAFFLES · EFFLUENT 

SUMP 

SCHEMATIC DIAGRAM OF OZONE/UV TREATMENT FACILITY FOR ALTERNATIVES S-6, S-9, S-12, 
W-7, and E-7. 

FIGURE 4-11 



• .• a a .. a a a a a a• 1111 a 1111 a a a 1111 

~ 
I 

N 
~ 

WELLS 

PRE-ENGINEERED STEEL BUILDING 

HYDROGEN PEROXIDE/UV 
REACTORS 

0 
0 
0 0 
0 0 
0 0 
0 0 
0 0 

ULTRAVIOLET LAMP 

ELECTRICAL 
PANEL 

1000000001 

I o o o I 

loo oo 001 

D D 
CENTRIFUGAL 0 0 

0 
0 
0 
0 HYDROGEN 

PEROXIDE 
TANK PUMPS 

INFLUENT 
SUMP 

EFFLUENT 
SUMP 

-

SCHEMATIC DIAGRAM OF HYDROGEN PEROXIDE/UV TREATMENT FACILITY FOR ALTERNATIVES 
S-6, S-9, S-1 2, W-7, and E-7. 

FIGURE 4-12 

TO DISCHARGE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Treatability studies on v,ater samples are necessary for tile chemical 

oxidation treatment processes. Process parameters such as dosing and 

contact time are identified which ensure complete contaminant 

destruction. The chemical oxidation methods have not been used 
extensively in field situations yet, but performance information is 

available from pilot studies. In one pilot test using ozone/UV, TCA 
and TCE were destroyed to below effluent standards and methylene 

chloride significantly reduced (Zeff, 1986): 

Compound Influent Concentration Effluent Concentration 

TCA 78 mg/1 < 200 µg/1 

TCE 3. 5 mg/1 < 5 µg/1 

MC 4000 mg/1 < 100 µg/1 

Hydrogen peroxide/UV has also been shown to effectively destroy some of 

the contaminants of concern . Hager and Smith (1985) cite an 

application of UV/hydrogen peroxide treatment to groundwater leacnate. 
Some of the results are presented below: 

Con tami nan ts 

1,1, 1 - Trichloroethane (TCA) 
1,1 - Dichloroethane (DCAJ 

Methylene Chloride (MC) 

Concentration (µg/1) 
Influent Effluent (2 nr reaction ) 

480 2 
66 

120 

< 1 

< 1 

The chemical oxidation treatment equipment is completely enclosed in a 

pre-engineered steel building, as described in alternative S-4. Since 
more equipment must be stored, the buildings are larger, about 40 feet 

by 70 feet by 20 feet high. High voltage pov1er lines are available 

along Yale Road to power the energy intensive chemical oxidati on 

processes. All other features described in section 4.1.3 are i ncluded. 
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The Little Deep Creek outfall is identical to that previously 

described, as are the alternate water supply provisions, the water use 
restrictions, the public information program, and the well monitoring. 

This alternative halts further migration of contaminated groundwater in 
the southern area and provides a safe drinking water supply, but does 

not directly treat the groundwater within the existing plume boundary. 

4.1.6 Alternative S-7. Deep Well Extraction Along Southern Plume 
Boundary/Carbon Adsorption/Drainfield/Alternate Water Supply/ 
Water Use Restrictions 

The management-of-migration operations in this alternative are 

identical to those of Alternative S-4, except that treated water is 
discharged to a drainfield instead of through a river outfall (Figure 

4-13). 

. 
The discharge of the treated water to a drainfield located south of the 

extraction wells affects the sizing of the other components of the 
alternative. Based on groundwater modelling (see Appendix C), about 

half of the water discharged into the drainfield flows back to the 
extraction wells, so 320 gpm of water must be extracted rather than 200 

gpm. Thus the submersible pumps in the wells are increased from 2 HP 
to 3 HP, but the well sizes are the same. The collection manifold is 

the same in both cases, except that the piping size is increased from 
three-inch to four-inch diameter. 

The increase in flow rate requires an increase in size of the storage 
sumps and the water pumps. The carbon adsorption vessels are sized for 
a range of flows from 100 to 500 gpm, so can accommodate both flow 

rates. The use of drainfields not only increases the flow rate, but 
also dilutes the concentration of the contaminants. This combination 

of factors increases the carbon replacement frequency. Five 20,000 

pound loads are required per year instead of four. Other operations 

and maintenance requirements are the same as previously described. 
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The facility building is essentially unchanged, since the same size 

adsorption vessels are used. Minor changes in electrical hookups are 

necessary for the larger pumps. 

The drainfield is shown schematically in Figure 4-14. Six-inch PVC 
piping is placed in a three-feet deep trench which is dug along Yale 

road. Approximately 1500 to 2000 feet south of the wells, the piping 

reaches a tee. One arm of the tee extends about 700 feet to the east, 

while the second is placed 1000 feet to the west following jacking 

under Yale road. The arms are constructed of six-incll perforated 

drainage piping placed in a five-feet deep trench within two feet of 

pea gravel. The trenches are backfi 11 ed and the disturbed surface 

restored, where necessary. Easements are obtained when an appropriate 

location for the drainfield is determined, and a waste discharge pen~it 

is acquired. 

The well monitoring program, the alternate water supply provisions, and 
the water use restrictions are the same as described in Alternative S-4. 

This alternative halts the further migration of the containment plume 
and provides a safe drinking water supply where needed, but does not 

directly treat groundwater within the existing plume. 

4.1.7 Alternative S-8. Deep Well Extraction Along Southern Plume 

Boundary/Air Stripping/Drainfield/Alternate Water Supply/Water 

Use Restrictions 

This management-of-migration alternative is similar in operation to 
Alternative S-5 except that treated water is discharged into a 
drainfield rather than through a creek outfall (see Figure 4-13). 

As described in the previous section, the use of drainfields incredses 
the required pumping rate of the wells to 320 gpm and dilutes the 
contaminants to about tHo-ti1irds the concentration of the creek outfall 
alternatives. The impacts of these t·110 changes on tile extraction wells 
and collection manifold were discussed under Alternative S-7 (Section 
4.1.6). 
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The same process configuration for an dir stripping facility is used in 

this alternative as was specified in Alternative S-5. However, the 

diameter and height of an air stripping tower are determined in part by 

the concentration of the contaminants and the water flow rate. The 

increased flow rate requires that the tower diameter be increased from 

three to four feet, while the dilution of the contaminants requires 
that the tower and packing height be increased by an estimated three 

feet to achieve the same effluent levels. Larger pumps must be used to 
accommodate the greater flow of water and the higher to~ers. The fan 

and motor sizes are also increased to 9200 cfm and 25 HP, respectively, 
and the storage sump capacities are increased to 1500 gallons. The 

operation and maintenance of the facility is essentially unchanged by 
the increase in flow. 

The size of the faci 1 i ty building is increased slightly due to the 

l arger equipment and the electrical wiring is upgraded slightly. 
Otherwise, the building features are identical to those discussed 
previously . 

The drainfield is identical to the one described in the previous 
section. Well monitoring, alternate water supply provisions, water use 

restrictions, and public information program are as described under 
Alternative S- 4. 

Alternative S-8 halts the further migration of the plume to adjacent 

groundwater and surface waters, and provides a safe drinking Wdter 

supply; however, it do~s not directly remediate contaminated 

groundwater within the existing pl ume. 

4.1.8 Alternative S-9. Deep Well Extraction Along Southern Plume 
Boundary/Chemical Oxidation/Drainfield/ Alternate \~ater Supply/ 
~ater Use Restrictions 

This alternative differs operationally from Alternative S- 6 in tnat a 

drainfield is used for treated water discharge instead of a river 

outfall. The location of the components of this alternative were shown 
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previously in Figure 4-13. The impacts of the increased pumping rate 

on t~e extraction wells and collection manifold were discussed in 
Section 4.1.6. 

The primary effect of the increased fl ow rate on the c:,emi cal oxidation 
treatment facility is an increase in the sizing of the reactor 
systems. For the ozone/UV process, the reactor volume and number of UV 
lamps increases by about 60 percent. Ozone generation increases from 
125 pounds per day to 200 pounds per day, and two 100 pound per day 
ozonator systems are employed. For the hydrogen peroxide systetn, the 
reactor capacity, the number of UV 1 amps and the hydrogen peroxide feed 

rate increase. About 9,700 gallons of 50 percent i1ydrogen peroxide are 

used annually. The sump and water pump sizes are increased accordingly 
for both systems. Operation and maintenance procedures are unchanged, 
as is the sampling and analysis protocol. 

The building size and electrical requirements for each chemical 
oxidation process are increased to accommodate tile larger equipment and 

high power consumption. The other features such as lighting and garage 

doors are increased as necessary, but are functionally identical. 

The drainfield is the same as described in Alternative S-7. The 

alternate water supply provisions, water use restrictions, public 
information program, and monitoring program are the same as described 

in Alternative S-4. 

As with the other extraction, treatment, and discharge alternatives for 
the southern area, this alternative halts further plume migration, and 
provides a safe drinking water source, but does not directly address 
contaminated groundwater within the existing plume. 
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4.1.9 Alternative S-10. Deep Well Extraction Along Southern Plume 
Boundary /Carbon Adsorption/Recharge We 11 s/ A 1 terna te Water 
Supply/Water Use Restrictions 

In this management-of-migration alternative, the operations are 

identical to those of Alternative S-7, except that treated water is 

discharged through recharge wells rather than into a drainfield (Figure 

4-15). The use of recharge wells instead of a drainfield does not 
change the pumping rate of tne extraction wells; in both cases, about 

one-half of the discharged water flows back to the extraction wel l s. 
Therefore, the details and operation of the extraction wells, 

collection manifold, carbon adsorption treatment facility, water supply 
provisions, water use restrictions, public information program, and 

well sampling are exactly as described in Alternative S-7. 

The recharge well system is virtually identical to the extraction well 
system, except that the water flm-,s by gravity instead of being 

pumped. A six-inch PVC pipe is placed in a trench and buried along d 

1,500-2,000 foot stretch south along Yale Road beginning at the 
treatment plant. A distribution manifold runs perpendicular to this 
pipe, east about 600 feet and west about 1,000 feet. Yale Road must 
first be jacked to provide a conduit for the western portion of the 
distribution piping. The distribution manifold leads to the recharge 

wells which are located approximately 400 feet apart. A diagram of a 
recharge well for the southern area is shown in Figure 4-16. The wells 

are drilled to a depth of 100 feet and are 8 inches in diameter. Eight 

wells are located along the recharge area. Gate valves are installed 

on the piping to contra 1 the fl ow of water to each we 11 . The recilarge 
wells are essentially self operating. The most significant maintenance 

requirement is the semi-annual cleaning and backfiushing of the 
recharge wells to control biofouling. 

This alternative provides a safe drinking water supply, prevents 
additional migration of the contaminant plume to adjacent groundwater 

and surface water, but does not treat groundwater \·dthin the existing 
plume area. 
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4.1.10 Alternative S-11. Deep Well Extraction Along Southern Plume 
Boundary/Air Stripping/Recharge Wells/Alternate Water 
Supply/Water Use Restriction 

Al ternative S-11 is identical to Alternative S-9 except that recharge 
wells replace the drainfield for treated water discharge. Figure 4-15 
shows the location of the system components, including the recharge 
wells. The use of recharge wells in comparison to using a drainfield 
does not significantly alter the required pumping rate of the 
extraction wells. Thus, all components of the alternative are 
identical to the description provided in Alternative S-8. The recharge 
well system is the same as that used in Alternative S-10, and the 
reader is referred to Section 4.1.9 for its description. 

The use of this alternative prevents further migration of the 
contaminant plume into adjacent groundwater and surface water and 
provides a safe drinking water supply to affected residents, but does 
not directly remediate contamination within the existing plume. 

4.1.11 Alternative S-12. Deep Well Extraction Along Southern Plume 
Boundary/Chemical Oxidation/Recharge Wells/Alternate Water 
Supply/ Water Use Restrictions 

This alternative is a variation of Alternative S-9 in which recharge 
wells are used for treated water discharge instead of a drainfield (see 
Figure 4-15). Because the groundwater extraction rate is 320 gpm 
regardless of whether drainfield or recharge wells are used, all 
components of this alternative and Alternative S-9 are identical except 
the treated water discharge system differs. With this exception, the 
description in Section 4.1.8 is directly applicable here. 

The recharge well system is identical to that utilized in Alternative 
S-10; the description of this system may be found in Section 4.1 . 9. 
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This alternative provides a safe source of drinking water to affected 

residents, and protects adj a cent groundwater and surface v,a ter from 

contamination. However, groundwater witllin the existing plume is 

untreated. 

4.2 FINAL CANDIDATE ALTERNATIVES FOR WESTERN AREA 

The \'lestern area is bounded on the east by the north-south ~luff and on 
the west by the Little Spokane River. It contains one housing 
development of about 25 to 30 residences (North Glen Estates) and homes 

along Little Spokane Drive. Much of this area lies within the 
projected path of the lower aquifer plume, which contains TCA, TCE, 

DCA, DCE, PCE, and, most notably, methylene chloride, which is less 

suitable to certain types of treatment than the other contamindnts. 

Alternatives for the western area included no-action, alternate Hater 

supply, and four v aria ti ons of groundwater extraction, treatment, and 

discharge options. 

PEC (1986) has developed preliminary plans for supplying water to the 

western area, should tile need arise. Basically, water is supplied from 

a new well placed south in System 8 and through large transmission 

mains located along tile Little Spokane River. Use of this option 
provides a safe water supply, but does not remediate contaminated 
groundwater. 

Four groundwater extraction, treatment, and discharge options are 
potentially applicable. All include deep extraction wells placed east 

of the bluff which extract about 1,300 gpm of contaminated 
ground\'ldter. Four \'later treatment technologies, carbon adsorption, air 

stripping, air stripping/carbon adsorption, and chemical oxidation are 

considered, although complications arise with some of them. Methylene 

chloride does not absorb well to activated car~on, resulting in 
tremendous carbon usage if this treatment is used. Air stripping may 

be used, but methylene chloride may not be removed from the water to 
levels below the recommended 2.5 µg/1 limit. Thus, although these 
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two technologies are included separately, a combined process of air 
stripping followed by carbon adsorption is introduced in order to meet 
recommended treatment levels and reduce carbon usage. Chemical 
oxidation methods are not hindered by the presence of methylene 
chloride. Discharge of treated water to the Little Spokane River is 
considered the only viable discharge option; suitable sites for 
recharge wells and drainfields are generally unavailable, these systems 
would not help control plume migration, and placement of either system 
upgradient of the existing plumes may cause the plumes to spread and 
escape interception. The extraction, treatment, and discharge options 
include provisions for an alternate source of water only as a 
contingency, as the wells would be designed to intercept the plume 
completely. The use of these options prevents contamination of 
existing groundwater supplies in the western area and prevents 
contaminant discharges to the Little Spokane River. Contamination 
within the existing plume is treated only in as much as it migrates to 
the extraction wells . 

4.2.1 Alternative W- 1. No Action in Western Area 

No actions are conducted in the western area in this alternative. 
Since the Whitworth water system has not yet been extended to this 
area, no alternate water supplies are available. Monitoring of 
existing wells is continued to track contaminant migration. 
Approximately 18 wells are sampled quarterly to monitor the migration 
of the 6 contaminants of concern. No effort is made to supply a safe 
water supply to the affected areas, to reduce or prevent the continued 
plume migration, or to treat existing contaminated water. 

4.2.2 Alternative W-2. Alternate Water Supply/Water Use Restrictions 

An alternate source of water, water use restrictions, and a groundwater 
monitoring program in the western area comprise this alternative. 
District 2 of WWD is expanded to provide a pressurized water 
distribution system to an estimated 65 existing and future residences 
located in North Glen Estates and along Little Spokane Drive. Based on 
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plans prepared by PEC (1986) to provide service to the western area, 

several components are required to bring water from wellfields located 

in System 8, as shown in Figure 4-17: a new 6,000 gpm supply ~,ell; a 

3,000 gpm pumping station with connecting transmission mains; 24-inch 

and 20-inch ductile iron transmission mains; 12-inch and 6-inch PVC 

transmission and distribution mains; two booster pumping stations and 
two PRV stations; one river crossing; and meters, Dackflow prevention 
devices, and piping to individual residences. 

Water use restrictions identical to those discussed in Alternative S-2 
are imposed. Again, briefly, in-home use of contaminated groundwater 

is prohibited, while outside uses such as garden and livestock watering 

are allowed. As part of a public information program, allowed and 

restricted uses are explained to residents; otl1er information 

pertaining to the remediation is also presented. 

Monitoring of the groundwater in the area is also included. Four 

monitoring wells (Figure 4-18) are drilled in the locations shown in 
Figure 4-17. These and four private wells are sampled quarterly and 

analyzed for the six contaminants of concern. The results of tt1e 
monitoring plan are used to establish the boundaries of the contaminant 

plume in order to provide hookups and impose water use restrictions 
where necessary . 

This alternative ensures a safe water supply to affected residents, but 
does not alter the westbound plume migration or protect additional 
groundwater and the Little Spokane River from contamination, and does 
not treat contamination within the existing plume. 

4.2.3 Alternative W-4. Deep Well Extraction Along Western Plume 
Boundary/Carbon Adsorption/River Outfall 

This management-of-migration alternative utilizes extraction of 

contaminated groundwater, carbon adsorption treatment, and discharge 0f 

the treated water to the Little Spokane River (Figure 4- 19) . A single 
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8-incll screen-diameter, 300 feet deep well (Figure 4-20) is first 

drilled as a test well, later to be used as a permanent wel l , and a 
pump test is performed to evaluate hydrologic parameters. The .vater 

pumped during this test procedure is treated using a mobile treatment 

unit, perhaps a pilot scale plant of the treatment technology selected 

for remediation. Nine more wells are drilled in locations determined 
by the hydrologic parameters and current land use. Based on 

preliminary information, the wells are spaced 4SO feet apart along the 
abandoned rail line right-of-way, from a point level with Wahoo Road up 

to a point level with Singletree Lane. The wells extract about 130 
gallons per minute (gpm) each using 12 to 15 HP submersible pumps, for 
a total of 1,300 gpm. 

A collection manifold is hooked up to the wells to convey ttle extracted 
water to the treatment facility. Eight- inch PVC piping is used, and 

check valves and gate valves are installed on the line from each well 

to regulate the flow of water. The manifold is placed three feet below 

the ground surface in a trench which is backfilled with granular rock 
bedding and native soil. Elk-Chattaroy Road is jacked to provide a 

conduit for the manifold. A ten-inch section of pipe is connected 
perpendicular to the manifold near the northern end and leads to the 

carbon adsorption treatment facility. 

The carbon adsorption treatment facility is tentatively located 

northwest of the landfill along the railroad right-of-\vay. The major 
facility components include tv,o storage sumps, six water pumps, six 

carbon adsorption vessels, and one carbon adsorption transfer tank. 
The extracted groundwater is first discharged into a 6,500 gallon 

below-grade storage sump. Three pairs of 10 HP, fiberglass, 
centrifugal pumps (one operating and one backup) deliver the water to 
three parallel 2-vessel carbon adsorption units, as described in 
Alternative S-4. The treated water is stored in a second storage sump 
prior to discharge. Influent and effluent samples are analyzed 
frequently at first to determine treatment efficiency and a carbon 
replacement schedule. Later, samples are taken less frequently. 
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Because methylene chloride found in the lower aquifer adsoros poorly to 

activated carbon, the carbon must be replaced frequently. Every 10 

days to 2 weeks, 60,000 pounds of carbon must be delivered. A carbon 
transfer tank is located at the facility to provide a void space for 

transferring the spent carbon loads. 

A pre-engineered steel building is constructed to house the treatment 

facility. The building dimensions are approximately 65 feet by 90 feet 

by 25 feet high and is placed on a concrete foundation. The building 

is insulated and lighted, -and has large garage doors to allow access to 

equipment. An alarm system connected to the house of a designated 
operator signals malfunctioning of the facility. The appropriate 
electrical equipment and wiring is installed, and power lines are 
extended up Hi gh\vay 2 across to the faci 1 i ty by the Waslli ngton Water 
Power Utility. The railroad right-of -way is used as an access road and 
is maintained. Land is purchased and easements obtained as necessary 
to site the building and access road. 

The treated water is discharged from the second storage sump to ti1e 

Little Spokane River. Ten-inch PVC piping is placed in a three foot 
deep trench backfilled with gravel bedding and native soil. The pipe 

runs west to Highway 2, which is jacked to pass tne piping under ~1e 
roadway . The discharge line continues to the west until it reaches the 

bluff, then crosses diagonally northv,est to the Little Spokane River. 
The exact placement of the piping depends on present land use and the 

presence of obstacles, and may be placed along an alternate route , if 

necessary. The water discharges to an out fa 11 in the river as silmvn 

previously in Figure 4-8. Basically the outfall consists of upturned 

pipes to provide maximum dispersion of the water within the river and 

prevent scouring of the river bottom. 

Monitoring wells are drilled west of the wellfield in the areas 
indicated in Figure 4-19. The same monitoring wells as shown in Figure 
4-18 are utilized. These wells and private wells are sampled and 
ana 1 yzed quarterly for the six containi nan ts of concern to verify 
interception of the contaminant plume. 
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There is no need to provide alternate water supplies if this 
alternative is used. Monitoring wells are placed in advance of private 
and purveyor wells to signal the escape of contaminants, so that the 
water pumping rate may be increased to recapture the contaminants and 
protect downgradient resources. 

A public information program is instituted to advise residents of the 
progress and decisions regarding the remedial activities. The program 
consists of flyers, information packets, public meetings, and other 

projects as determined necessary from public feedback. 

This Alternative ensure safe water supplies in the western area, halts 
the migration of contaminants west toward groundwater resources and the 
river, but does not directly remediate contamination currently within 
the plume. 

4.2.4 Alternative W-5. Deep Well Extraction Along Western Plume 
Boundary/Air Stripping/River Outfall 

The operations and configuration of this alternative are identical to 
Alternative W-4 except that an air stripping treatment facility is 
substituted for the carbon adsorption facility (see location map, 
Figure 4-19). Contaminated groundwater from the lower aquifer is 
extracted with deep wells and pumped to the treatment facility as 
described in the previous section. 

The air stripping treatment facility consists of two 6,500 gallon sumps 
described previously, pumps, a blower and air preheater, and a single 
air stripping tower. Two 25 HP, centrifugal, fiberglass pumps are 
available to pump the water to the top of the air stripping tower, one 
operational and one backup. The air stripping tower is approximately 
10 feet in diameter, 48 feet in total height, and packed to a height of 
40 feet. A diagram of a typical packed tower has been shown in 
Figure 4-9, and its operation, which is the same here, was discussed in 
Alternative S-5. A 8,700 cfm blower is used to provide an air to water 
flow ratio of 50:1. In periods of cold weather, a propane-fueled air 
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preheater is used to maintain the contaminant removal efficiency. 

Maintenance of the facility consists of pump servicing and replacement, 
monthly rinsing of the tower with hypochlorite, and servicing of the 
fan. 

Generally, a properly-designed air stripper removes 95 to 99 percent or 
greater of the contaminants. Less volatile contaminants such as 
methylene chloride are less easily stripped, and the removal efficiency 
may be less. Therefore, air stripping may not reduce the methylene 
chloride from its estimated influent concentration of 600 µg/1 to below 
the health based limit of 2.5 µg/1, although the effluent concentration 
may only slightly exceed this limit. 

A smaller building is used here than is used for the carbon adsorption 
facility, since the air stripping tower is outside on a concrete pad. 
The building is 30 feet by 60 feet by 20 feet high, but has the same 
features as the previously described building. 

The descriptions of the river outfall, the public information program, 
and the monitoring program presented in the previous section are 

directly applicable here, since these features are identical. 

This alternative addresses the same objectives as does Alternative 
W-4. Safe water supplies are ensured and contaminant migration is 
halted, but groundwater within the plume is not directly treated. 
Also, air stripping may not remove methylene chloride to below its 
recommended treatment level. 

4.2.5 Alternative W-6. Deep Well Extraction Along Western Plume 
Boundary/Air Stripping and Carbon Adsorption/River Outfall 

This alternative is identical to the previous three alternatives, 
except that a combined air stripping and carbon adsorption treatment 
facility is used (Figure 4-21). The descriptions of the other features 
may be found in Section 4.2.3. 

4177a 
4-46 



. . .. .. 

I : 

CENTRIFUG~L 
PUMP -~' 

.. ,· 

. ·.,: 

FROM · 
WELLS · INFLUENT 

SUMP 

AIR STRIPPING 
TOWER 

PACKING 
MATERIAL 

FAN 

CENTRIFUGAL 
PUMP 

AIR 
STRIPPIN 
EFFLUENT 
SUMP 

• 

PRE-ENGINEERED STEEL 
BUILDING 

CARBON ADSORPTION VESSEL 
(ONLY ONE OF PAIR SHOWN) ----

ACTIVATED 
CARBON 

• ' I l 
,• .. 

EFFLUENT 
SUMP 

SCHEMATIC DIAGRAM OF COMBINATION AIR STRIPPING AND CARBON ADSORPTION TREATMENT 
FACILITY FOR ALTERNATIVES W-6, and E-6. 

-TREATED 
~ATER 
DISCHARG 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The combined air stripping and carbon adsorption treatment process is, 
for the most part, simply the sequential use of air stripping and 

carbon adsorption facilities previously described. The two systems are 

used together when a very clean effluent is desired, as is produced by 

carbon adsorption, without requiring frequent, costly replacement of 

the carbon. The air stripping tower is designed to remove 85 to 90 

percent of the contaminants, and is followed by carbon adsorption, 

which removes the contaminants including methylene chloride to less 
than 2 µg/1. 

A smaller air stripping system is used because less efficient removal 

is needed. It is operationally equivalent to the system described in 

Alternative W-5, so only the equipment sizes are listed here. A 15 HP, 

fiberglass, centrifugal pump (a backup pump is installed} delivers the 
water to a 6.5-foot diameter, 24-foot tall FRP tower with 15 feet of 
packing. A 32,000 cfm blower driven by a 65 HP motor supplies the air. 

The carbon adsorption facility is identical to that described in 
Alternative W-4, because the sizing depends on the water flow rate. 
The lowered concentration of methylene chloride reduces the annual 
carbon requirements from 2.7 million pounds to about 1.3 million 

pounds, thereby reducing the frequency of carbon shipments and nearly 
halving the annual operation and maintenance costs. All other 
operations remain the same. 

The most significant change to the facility building described in 
Alternative W-4 is the construction of a third sump, placed in between 
the air stripping and carbon adsorption stages. Thus, the building 
size must be increased to accommodate the sump. Also, the electrical 

system must be upgraded to handle the added pumps and blower. Sampling 
and analysis of the intermediate water sump must be added to the 
monitoring program, but the procedures are otherwise the same. 

This alternative ensure safe drinking water supplies by halting 
migration of the lower aquifer plume and protects the Little Spokane 

River. The water within the area overlying the plume is treated only 
as it migrates to the extraction wells. 
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4.2.6 Alternative W-7. Deep Well Extraction Along Western Plume 

Boundary/Chemical Oxidation/River Outfall 

This alternative is a variation of Alternative W-4, with chemical 
oxidation treatment substituted for carbon adsorption. All tne other 
features are identical, and the descriptions may be found in Section 

4.2.3. 

One of two chemical oxidation processes may oe utilized, ozone/UV or 
hydrogen peroxide/UV. A general discussion of these technologies was 
given in Section 4.1.5 and diagrams were shown in Figure 4-11 and 
4-12. For the ozone/UV facility, six 10 HP, fiberglass centrifugal 
pumps are installed, three operating and three backup. Water is pumped 
from a common 6,500 gallon sump to three parallel reactors. Ozone is 
produced at a rate of 750 pounds per day with a 250 and a 500 pound per 
day unit. The ozone is diffused into the reactors wl1i ch each contain 

455 UV lamps. The water is treated continuously with a retention time 

of 5 to 10 minutes, and a 11 the contaminants are degraded to carbon 

dioxide, water, and chloride ion. Maintenance includes annual 

replacement of the UV lamps, periodic cleaning of tne ozonators and 

filters, and servicing and replacements of the pumps and compressors. 

The hydrogen peroxide/UV process for the western area consists of two 
reactors. Two operating 15 HP fiberglass, centrifugal pumps are used 
and two backup pumps are installed. Hydrogen peroxide is fed into the 

water as it enters the reactor and the ultraviolet lamps combined v1itn 

the hydrogen peroxide degrades a 11 the contaminants. Hydrogen peroxide 

is consumed at a rate of 39,000 gallons of 50 percent hydrogen peroxide 
annually, requiring about ten 4,000-gallon truckloads per year. 

Maintenance primarily includes pump servicing and replacement and 
annual UV lamp replacement. Sampling and analysis of the effluent 

~ater is performed frequently at first witn both oxidation systems to 
optimize treatment efficiency, then is reduced as the processes 
stabilize. 
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The only significant change to the facility building described in 

Section 4.2.3 outside a difference in size is the greater electrical 
needs. The ozone/UV and hydrogen peroxide/UV reactors respectively 
require 460 and 1,980 kW continuously. The electrical hookups are 
upgraded accordingly, and high voltage lines are brought to the 
facility by Washington Water Power. 

This alternative protects adjacent groundwater supplies and the Little 
Spokane River by halting migration of the plume. However, 
contamination within the existing plume is not directly treated. 

4.3 FINAL CANDIDATE ALTERNATIVES FOR EASTERN AREA 

The eastern area alternatives selected for detailed evaluation, 
no-action, alternate water supply, and extraction, treatment, and 
discharge options, are the same as for the western area, although the 
site conditions require a modification of some features and the effects 
are different. The eastern area contains the suspected secondary 
contaminant source area east of the landfill, but the predicted plume 
expansion within the area is not extensive. 

An alternate source of drinking water was provided as the IRM through 
expansion of the WWO, specifically, the Colbert Extension. The use of 
the alternate water supply alternative in the eastern area therefore 
consists of hooking up residences as needed and adding transmission and 
distribution mains as described by PEC (1986) as their Long-Term Plan 
for the low level area. Use of this alternative assures a safe water 
supply but does not treat contaminated groundwater or reduce migration. 

The extraction, treatment, and discharge options are the same as those 
described for use in the western area. A line of deep wells extracts 
about 600 gpm of contaminated groundwater from the source area. The 

same contaminants are present at similar concentrations, so the 
discussion of the treatment technologies is applicable here. A river 
outfall is used to discharge the treated water. Hookup to the existing 
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Colbert Extension is provided as necessary and the WWO system is 

expanded as in the alternate water supply alternatives. Since the 

wells are placed in the area of secondary source material, use of these 

alternatives treats water within the existing plume. However, the 

migration of contamination is extensive, and the extraction of 
groundwater in the eastern area does not prevent some migration of 
contaminants to the west and south. Safe water supplies are available 

to affected residents in the area. 

4.3 . 1 Alternative E-1. No-Action in Eastern Area 

In this alternative, no action is conducted in the eastern area beyond 
the present program of well monitoring and the continued provision of 

alternate water supplies from the existing Colbert Extension (see 
Figure 4-1). Approximately 18 private and monitoring wells are sampled 

quarterly and analyzed for the six major contaminants. No new hookups 
to the Whitworth water system are provided, but supplies continue to 
about 35 residences already being served . Costs for the existing 

Colbert Extension are included in this alternative. No effort is made 

to provide a safe water supply to residences in the area whose water 

may become contaminated. The plume migration continues at its present 
rate, contaminating adjacent groundwater and surface water. No removal 

of contamination is attempted. 

4.3.2 Alternative E- 2. Alternate Water Supply in Eastern Area/Water 
Use Restrictions 

In this area-specific alternative, contaminated groundwater exposure is 

prevented by providing alternate water supplies and imposing water use 

restrictions. The pressurized, public water supply provided by the 

Whitworth Water District is expanded in the Eastern Area to serve those 

not yet t1ooked up and new residents. Hookups are coordinated with a 

groundwater monitoring program to ensure that the most seriously 
threatened households are supplied first. The improvements to the 
water system are based on the long term needs plan proposed by PEC 
(1Y86), and are shown in Figure 4-22. The major features include a PRV 
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station, 12-inch to 6-inch transmission and distribution mains, and 

hookups to 106 estimated present and future residences. 

Monitoring of private and monitoring wells is continued in order to 
track contaminant migration and ensure the safety of those utilizing 
wells. About 26 existing wells are sampled quarterly and analyzed for 

the six contaminants of concern. If a well is found to contain 
contaminants above the health-based levels previously identified, its 
use for in-home water supply is prohibited. Outside uses such as plant 
and livestock watering are allowed. 

A public information program is established to provide the residents 
with information regarding water use restrictions and hookup 
schedules. Public feedback is also encouraged, and meetings may be 
held for this purpose. 

This alternative provides safe drinking water supplies to residents, 
but no effort is made to contain or treat the contaminated groundwater. 

4.3.3 Alternative E-4. Deep Well Extraction at Secondary Source 
Area/Carbon Adsorption/River Outfall/Alternative Water Supply/ 
Water Use Restrictions 

In this combined source control and management-of-migration 
alternative, deep extraction wells are placed to the east of the 
landfill to draw contamination from the secondary source area. The 
contaminated groundwater is collected in a manifold and piped to a 
carbon adsorption treatment facility. The treated water is discharged 
to the Little Spokane through a river outfall. Figure 4-23 shows the 
location of the components. The features and location of the treatment 
facility and the river outfall are basically the same as in Alternative 
W-4; therefore, one may refer to Section 4.2.3 for the qualitative 
discussion of these components and only the equipment sizing is 
discussed here. 
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Twelve extraction wells are placed in a curved line beginning north of 

the landfill and extending southeast, then south almost as far as Wahoo 

road. Initially, one test well is drilled and a pump test performed to 
evaluate hydrologic parameters. The water extracted during the test 
phase is treated with a mobile treatment system. After the pump test 
has been evaluated, the remaining wells are drilled about 350 to 
400 feet apart. The exact location may vary depending on access and 
current land use. As shown in Figure 4-24, the wells have an 8-inch 
screen diameter, are 180 feet deep, and pump 40 to 50 gpm each with a 
5 HP submersible pump. A total of 500 to 600 gpm of water is extracted. 

A groundwater collection manifold constructed of 6-inch PVC piping 
connects the wells. The manifold is buried in a three- foot deep 
trench. Big Meadows Road and Yale Road must be jacked to provide a 
conduit for the manifold. An 8-inch PVC pipe conveys the water from 
the manifold to the treatment facility, which is located northwest of 
the landfill on the railroad right-of-way. Easements are obtained and 
yards restored as necessary to place the piping. 

The carbon adsorption facility has the same features as the one 
described in Alternative W-4, but the capacity is smaller due to the 
lower water flow rate. Two subsurface sumps with a 3,000 gallons 
capacity each are included. Four 7 HP pumps, two operating and two 
backup, pump the water through the parallel, 2-vessel adsorption 
units. Carbon is consumed at an annual rate of 1.26 million pounds, 

requiring 32 shipments of 40,000 pounds, or two truckloads about every 
two weeks. A carbon transfer tank is installed to assist in 
transferring the spent carbon and changing the adsorbers with fresh 
carbon. Influent and effluent water samples are initially taken daily 
to determine treatment effectiveness and a carbon replacement 
schedule. Once the process has been established, sampling and analysis 
is conducted less frequently. 

The preengineered building for the facility consists of the same 
features as described in Alternative W- 4, but is smaller. The river 
outfall differs only in that 8-inch piping is used instead of 10-inch. 
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Because the eastern extraction well system reduces, but does not halt, 
contaminant migration, an alternate water supply system must be 
provided. The existing Colbert extension is expanded according to the 
plan described in the previous alternative. Water use restrictions are 
imposed and a public information program is set up. Well monitoring is 
continued according to the program described in the previous 
alternative. 

This alternative provides safe water supplies to all affected residents 
in the eastern area. It also treats contamination at the secondary 
source, but only reduces further contaminant migration, so that 
additional groundwater resources may become contaminated . 

4.3.4 Alternative E-5. Deep Well Extraction at Secondary Source Area/ 
Air Stripping/River Outfall/Alternate Water Supply/Water Use 
Restrictions 

This alternative differs from Alternative E-4 in that air stripping is 
used in place of carbon adsorption. The well system and installation 
procedure used, the water collection manifold which conveys 600 gpm of 
water, and the river outfal l are identical. The location of the 
components were shown in Figure 4- 23. 

The air stripping treatment facility differs only in site from the one 
described in Alternative W-5. A 7-foot diameter, 38 foot high FRP 
tower is utilized, and packed to a height of 30 feet. A 4,000 cfm 
blower with a 12 HP motor forces the air stream up the tower, producing 
an air to water ratio of approximately 250 to 1. A propane fueled air 
preheater is included for cold weather use. Maintenance, equipment 
servicing and replacement, and water monitoring is as described in 
Alternative W-5. 

A smaller building with less lighting, smaller sumps, lower power 
requirements, and so forth is needed, but all the features are the same 
as in Alternative W-5. 
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The alternate water supply provisions through the expansion of the 

Whitworth 1,ater system, the water use restrictions, the public 

information program, and the well monitoring program are as described 

in Alternative E-4. 

Use of this alternative ensures safe drinking water supplies and 
removes contamination from the secondary source area, but only 

partially prevents contamination of adjacent groundwater and surface 
water. 

4.3.5 Alternative E-6. Deep Wel I Extraction at Secondary Source 
Area/Air Stripping and Carbon Adsorption/River Outfall/Alternate 

Water Supply/Water Use Restrictions 

This alternative is a variation of Alternative E-4 in which combined 

air stripping and carbon adsorption is used to treat the contaminated 
groundwater . The location of the components is as shown in Figure 

4- 23 . Except for the treatment facility, all the other components are 
the same and their descriptions may be found in Section 4.3.3. 

As was discussed in Alternative W-6, which is the counterpart of this 

alternative, in combining air stripping and carbon adsorption, t he 

effluent water from the air stripping tower is treated with carbon 
adsorpt i on. The advantage of this configuration is that contamination 
may be removed to very low levels . without exhausting great quantities 

of carbon at a :,i gh operating cost. The stripping tower does not i1ave 
to remove the contaminants as efficiently, thereby lowering its cost as 
wel 1. 

The stripping tower used for this system is four feet in diameter, 20 

feet tall, and is packed to a height of 15 feet. A 10,000 cfm 0lo~er 

is Jsed to provide the air flow, and is powered by a 25 HP motor. Two 
10 HP water pumps, one operating and one backup, are used wi t l1 the 

tower. A intermediate 3,000 gallon storage sump is added between the 
components which serves as the effluent basin for the air stripper and 
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a feed tank for the carbon adsorption system. The carbon adsorption 

system is exactly as described in Alternative W-4. The only change in 
operation is that the carbon is replaced half as often, since the 
carbon exhaustion rate drops from 1.26 million pounds per year to 0.63 
million pounds per year. Thus, operation costs for the carbon 
adsorption system are almost halved. All other operation and 
maintenance requirements for the air stripping tower and the carbon 
system are basically the same, except that three samples are analyzed, 
one from each sump, rather than two. 

The preengineered building must be increased somewhat in size and 

electrical wiring upgraded compared to the building .for ~arbon 

treatment alone to accommodate the added sump, pumps, air blower, 
ductwork, and air preheater. All features are the same. 

This alternative, as with the previous two alternatives, provides a 
.safe water supply to affected residents, and treats contamination at 

the secondary source, but does not prevent contaminant migration. 

4.3.6 Alternative E-7. Deep Well Extraction at Secondary Source Area/ 
Chemical Oxidation/River Outfall/Alternate Water Supply/Water 

Use Restrictions 

Alternative E-7 is a variation of Alternative E-4 in whicn chemical 
oxidation water treatment is used instead of carbon adsorption. 
Extraction wells draw 600 gpm of contaminated water, which is then 
conveyed to the treatment facility through a collection manifold. 
Following treatment, the water is discharged to the Little Spokane 

River. The location of the system components was presented in Figure 

4-23. Except for the treatment facility, all aspects of this 

alternative are identical to those of Alternative E-4, and the details 

may be found there. 
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The chemical oxidation treatment facility consists of two 3,000 gpm 

sumps, operating and backup pumps, and the reactors and anci 11 ary 

equipment. Schematic di a grams of the two oxidation sys terns Here stlo'rm 

in Figure 4-10 and 4-11. If ozone/UV treatment is selected, t\'10 200 

pound per day ozonators with air compressors and dryers are used. Two 

redctors containing 280 lamps each treat 300 gpm of water pumped by 5 

HP pumps. The total energy consumption is about 225 kW continuously. 

The hydrogen peroxide/UV system consists of one or two reactors 
containing a total of 140 lamps. Hydrogen peroxide is consumed at a 
rate of 104,100 pounds per year (requiring a 4,000 gallon truck of 50 

percent hydrogen peroxide about once every three rnonthsi . The process 
requires about 1,450 kW of power continuously. Operation and 
maintenance requirements for this system and the ozone/UV system are 

described in Alternative W-7, along with the water analysis program. 

The building size and electrical requirements dre sealed down from the 

siz.es described in Alternative W-7. All features are the same, however. 

This alternative ·provides a safe water supply and removes contami nants 

from the secondary sources area, but does not prevent pl ume migration, 

so adjacent yroundwater resources may become contaminated. 
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5.0 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

This section presents a detailed eva luation of each of the alternatives 
which passed the initial screening in Section 3.0. A detailed 
description of each of these alternatives emphasizing key features such 
as the technologies employed and associated components, implementation, 
special engineering factors, on-site configuration, safety, and 
environmental considerations was provided in Section 4.0. This 
detailed evaluation discusses the cost-effectiveness of an alternative 
in terms of technical, environmental and public health, and 
institutional concerns. According to NCP Section 300.68(h), the 
detailed analysis of each alternative should include : 

o Refinement and specification of alternatives in detail, with 
emphasis on use of established technology; 

0 

0 

Evaluation in terms of engineering implementation, 
reliability, and constructibility; 

An assessment of the extent to which the alternative is 

expected to effectively prevent, mitigate, or minimize threats 
to, and provide adequate protection of public health and 
welfare and the environment; 

o An analysis of any adverse environmental impacts, methods for 
. mitigating these impacts, and costs of mitigation; and 

o Detailed cost estimation, including operation and maintenance 
costs, and distribution of costs over time. 

The detailed aspects of evaluating these alternatives are presented by 
the five major categories of criteria: 

0 

0 

0 
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o Environmental Impacts, and 
o Cost Analysis. 

This presentation facilitates the comparison of similar components 

among the alternatives for the same criteria. 

5. l EVALUATION PROCESS 

Table 5-1 presents the criteria used for this detailed evaluation of 

alternatives. Specific components of each alternative are discussed in 
the text, and then the evaluation is ~ummarized in the associated 

tables. The technical evaluation addresses the feasibility -0f the 

technologies and associated components which make up each alternative. 
The evaluation of institutional requirements discusses compliance Hith 
current USEPA policy on the use of applicable and relevant standards 
and other criteria, guidance, and advisories at Superfund remedial 
sites, as Hell as coordination \Jith other agencies and community 
conc"erns. Each alternative is evaluated as to h0\-1 well it can limit 

the concentrations of hazardous substances in the environment to avoid 

unacceptable threats to public health as established by the Risk 

Assessment. The environmental impacts of each alternative are 

evaluated by comparing beneficial and adverse effects. The cost for 

each alternative includes the capital costs for implementation and the 

operation and maintenance costs spanning the thirty year study period. 

These costs are then presented in present worth values for comparative 

evaluation. 

The results of the detailed evaluation for each alternative 11ith 
respect to each of the criteria listed in Table 5-1 are expressed in a 

rating system utilizing the terms high, moderate, and loH. 

o A high rating indicates that the alternative promotes the 
intent of the criteria and/or meets or exceeds the re1i1edial 
objectives. 
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TABLE 5-1 

DETAILED EVALUATION CRITERIA 

TECHNICAL FEASIBILITY 

Performance 
o Effectiveness 
o Useful Life 

Reliability 
o Operation and Maintenance Requirements 
o Possible Failure Modes 

Implementability 
o Constructibility 
o Time 

Safety 
o Worker 
o Neighborhood 

INSTITUTIONAL REQUIREMENTS 

Conformance to ARAR 
Permitting Requirements 
Community Concerns 

ENVIRONMENTAL IMPACTS 

Beneficial Effects 
o Final Environmental Conditions 
o Improvements in Biological Community 
o Improvements in Human Use Resources 

Adverse Effects 
o Construction and Operation 
o Mitigative Measures 

PUBLIC HEALTH IMPACTS 

COST 

Minimization of Chemical Releases 
Exposures During Remedial Action 
Exposures After Remedial Action 

Capital Cost 
Operation and Maintenance Costs 
Present Worth Cost 
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o A moderate rating indicates that the alternative only 
partially promotes the intent of the criteria, however, the 

alternative does remediate the problem to an appreciable 

extent even though it does not meet all the remedial 
objectives. 

o A low rating indicates that the alternative does not promote 

the criterion and/or does not meet the remedial objectives. 

At the beginning of each Subsection 5.2 through 5.5, the evaluation 
criteria for that category are described in order to clarify how these 

ratings will be specifically determined. The ratings for each of the 

criteria within each of the categories are then combined to arrive at 

an overall category rating for each of the alternatives. The 
individual ratings are averaged to obtain the overall rating. When a 
"tie" occurs (such as two "high" ratings and two "moderate" ratings) 
subjective weighting is used to assign the overall rating. These 
overall category ratings are used in Subsection 5.7 to summarize the 
detailed evaluation . 

5.2 TECHNICAL FEASIBILITY 

This subsection presents the technical evaluation of the alternatives 

grouped by areas. Each alternative was evaluated relative to 
performance, reliability, implementability, and safety . 

Performance is the ability to effectively perform the intended 
functions. Performance of a remedial alternative, and specifically its 
technical components, is evaluated based on two factors: effectiveness 
and useful life. Effectiveness refers to the degree to which a 
remedial action will prevent or minimize substantial danger to public 

health, welfare, or the environment. An example is the effectiveness 
in preventing further migration of a contaminant plume in groundwater. 
Preference is given to those technologies that completely immobilize, 
destroy, or recycle the hazardous material. The useful life is the 
length of time this level of effectiveness can be maintained, for 
example, the operating life of a treatment facility. 
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Reliability of a remedial action is evaluated in terms of operation and 
maintenance requirements, and demonstrated performance at similar 
sites. Evaluation of operation and maintenance includes availability 

of labor and materials, and the frequency and complexity of the 
operation and maintenance activities, such as replacing spent carbon in 
a carbon adsorption treatment facility. Technologies requiring 
frequent attention, perhaps as often as once per week or month, or 
complex operation and maintenance activities are considered less 
reliable. The evaluation of demonstrated performance includes an 
estimate of the probability of failure for each component of th·e 
remedial alternative and the applicability and performance of the 
technologies demonstrated at other hazardous waste sites. 

Implementability is the relative ease of installation or 
constructibility of the remedial alternative and the time required to 
achieve a given level of response. Constructibility is the ability to 
actually build or implement the remedial technologies given the 
existing site conditions and conditions external to the site such as 
availability of equipment or zoning clearances. The two measures of 
time that were addressed are the time to implement a remedy and the 
time to achieve beneficial effects. Implementation time includes the 
time for special studies, design, and construction. Time to achieve 
beneficial effects spans from the end of construction to the point 
where the levels of contamination have been reduced to attain ARAR. 
Preference is given to those technologies which can be implemented in 
less than one year and can achieve beneficial effects within several 
years. 

Safety of neighboring communities and environments as well as that of 
the workers during implementation is evaluated in terms of short- term 
and long-term threats. Short-term refers to the period of 
construction, while long-term encompasses the operation and maintenance 
activities of the workers and exposure of the community to hazardous 
substances over the duration of remediation. 

A summary of this technical feasibility evaluation is presented in 
Tables 5-2a, 5-2b, and 5-2c at the end of this subsection. 
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5.2.1 Tecl1nical Evaluation of Remedial Alternatives for Southern Area 

Alternative S-1: No Action 

This alternative inc l udes continuation of the existing program of 

monitoring private wells and supplying water to the residences 

currently hooked up to the Colbert Extension implemented as the Initial 
Remedial Measure by the Whitworth Water District No. 2. 

o Performance 

The current monitoring program as designed by the PRPs and 
implemented by ABC Laboratory will adequately track the ,nigration 

of the plume and provide updated information on contaminant 

concentrations. The private wells to be sampled ,,ill be chosen 

according to their location relative to the plume in order to 

document the spread of contamination in the upper aquifer. 

However, because the private wells are not evenly distributed 

throughout the southern area, there will be gaps in the data base 

that will reduce the effectiveness of the program. 

The performance rating is moderate. 

o Reliability 

There are several labs in the Spokane area which can handle t he 
collection and analysis of approximately 50 samples from privdte 

wells each quarter. The methodology for collection of water 

samples for volatile hydrocarbons is well-establisned and Hidel y 
used (USEPA 1982a). The analytical procedures for measuring the 
six contaminants of concern are the established EPA Test Metho ds 
for Purgeable Halocarbons (USEPA 1982b). 

The rel i ability rating is high. 
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o Implementability 

The monitoring program was originally implemented successfully in 

1986 and plans have already been made to continue the program in 

1987 with agreements from the PRPs and Ecology. 

The implementability rating is high. 

o Safety 

There is slight potential for exposure to the contaminants during 

the sampling and analysis processes; however, with the appropriate 

safety precautions there should be no threats to the workers. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative S-1 is high. 

Alternative S-2: Alternate Water Supply/Water Use Restriction 

This alternative includes a monitoring program with additional wells to 
track contaminant migration, water use restrictions, and expansion of 

the Colbert Extension and the southern portion of System 9 in order for 

Whitworth Water District No. 2 (WWD) to provide domestic water to 

existing and future residents in sections of the southern area with 
contaminated groundwater. 

o Performance 

The "immediate needs" plan for WWD as developed by Pacific 

Environmental Consultants (PEC) in their Marcil 1986 report \las 

specifically designed to solve the loH Hater pressure problems 

currently being experienced by residents in the southern portion of 
System 9 due to the Colbert Extension. The "long-term needs" work 
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projected in this sarne PEC report wi 11 adequately expand Systetil 9 

to handle the hookup of all existing residents on private wells and 

future residents in the southern area. The monitoring program, 
with additional monitoring wells strategically located to 
effectively track plume migration, will provide the residents and 
WWD with the advanced notice required to schedule and install 

system extensions and hookups. The water use restrictions \/ill 

keep the residents in the area updated on the risks associated with 

using the contaminated water in their homes and therefore protect 
public health. The useful life of the materials and equipment used 
to provide domestic water is over 30 years with proper maintenance. 

The performance rating is high. 

o Reliability 

The expanded pressurized \-Jater system wi 11 be operated by \~WO just, 

as it currently operates Systems 8 and 9. WWD \iill also provi de 

the routine maintenance to insure service. The use of a 

pressurized water system to supply an alternate source of \iater is 

a \Jell-established and reliable technology, which is one reason it 

was chosen as the Initial Remedial Measure. The Colbert Extensi on 
is currently supplying water to the area, and a number of residents 
whose wells are not yet contaminated have chosen to hookup in order 
to take advantage of this reliable supply. 

The reliability rating is high . 

o Implementability 

There are no site conditions in the southern area which would 
restrict construction of the system components required to meet 
"immediate" or "long-term needs." No problems are anticipated \'1th 
obtaining the necessary easements or 1 and to ins ta 11 transrni ssi on 
mains, booster pump stations, and reservoirs. However, extensive 

right-of-ways will be required to install the new system components. 
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PEC estimates that it would take from 12 to 18 months to implement 
this alternative. This estimate includes at least 6 months for 
detailed design of all the new system components, preparation of 

specifications and bid packages, and land acquisitions. Actual 

construction would take from~ to 12 months depending on the 

weather conditions and availability of contractors and equipment. 

Once the system is in place, it can immediately provide domestic 

water that complies with drinking water standards. Therefore, the 

beneficial effects of this alternative are achieved when residents 

in areas of contaminated groundwater are hooked up to the 

~ressurized water system. 

The implementability rating is moderate. 

o Safety 

During the construction and operation of this pressurized water 
system neither the workers nor residents will be exposed to any of 

the contaminants. However, the contractors must take precautions 
against typical construction accidents associated 1~ith trenching, 
welding, etc. The residents will be disturbed to some extent when 

construction is taking place in easements along their property or 

while installing hook-ups. Those residents who disregard the water 

use restrictions and use their contaminated well water for in house 

usage will be threatening their health. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 

feasibility rating for Alternative S-2 is high. 

Alternative S-4: Deep Well Extraction/Carbon Adsorpti on/ Creek Outfall 

This alternative includes deep well extraction and treatment of the 

contaminated water in the upper aquifer by carbon adsorption, an 

outfall for discharge of treated water into Little Deep Creek, 
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alternate water supply and water use restrictions for those residences 

with contaminated wells, and a monitoring program with additional 
monitoring wells. 

o Performance 

The deep well extraction system, as proposed, will effectively 
capture the contaminant plume and prevent further migration south 
in the upper aquifer. The system design 1dth eight instead of just 

six wells provides for duplicate backup in case one or two pumps go 

out. The remaining six 8-inch wells can be pumped at a high enough 
rate to maintain the desired gradient modification along the 
plume's southern boundary. This well system if properly r.1aintained 
will have a useful life of over 30 years. 

The proposed carbon adsorption system can effectively remove the 
four contaminants of concern from the groundwater in the upper 

aquifer, as v1ell as similar hydrocarbons, to comply with ARAR, 

which in this case are either the EPA proposed MCL values or the 

MAC values developed in the Risk Assessment. Activated carbon 

adsorption is a very forgiving technology in that consistently high 

removal is achieved despite fluctuations in contaminant 

concentrations. This treatment technology does not completely 

destroy the hazardous materials on-site, but only transfers the 
contaminants from the groundwater to the carbon. Hm,ever, during 
the carbon regeneration process off-site, the contaminants are 
destroyed by incineration. No problems are anticipated \iith 
obtaining activated carbon or regenerating it in the future, even 
though regulations on emissions frorn incineration of hazardous 
materials might increase costs. With proper maintenance this 
treatment facility can effectively operate for over 30 years. 

An outfall located nearby in Little Deep Creek is a simple and 
efficient way to dispose of the groundwater after it has been 
treated. The proposed expansion of the alternate water supply 
system to tnose areas with contaminated groundwater, will 
adequately supply domestic water to existing and future 
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residences. In addition, the water use restriction should aid in 
protecting public health. The monitoring program which includes 
both private wells and three strategically placed monitoring wells 
will very effectively detect any break through of the plume past 
the extraction well systen. 

The performance rating is high. 

o Re 1 i ab i1 i ty 

The deep well extraction system is designed to operate very 

reliably and require the minimum amount of maintenance. The 8-inch 
diameter well casing prevents the pump fro1n clogging and corroding, 

and facilitates pump removal for maintenance. Because the well 

system is slightly overdesigned for plume containment, it has some 

flexibility in regards to operation, maintenance, and adjustments 

for unexpected conditions. Given the existing physical and 

chemical characteristics of the groundwater, the pumps will easily 

last for five years and the other well components for over 30 years 

with minimal maintenance. However, in case silt appears there is a 

sand trap at the bottom to collect silt and keep it out of the pump 
and screen, and the well is designed to allow for trap clean out. 
The groundwater will be monitored periodically for constituents 
that can affect the operations of both the \Jells and treatment 

facility such as calcium carbonate which can cause scaling. The 

deep well extraction technology is well established and widely used 

to provide drinking water as well as to extract contaminated 

groundwater. 

The carbon adsorption treatment facility does not require the 
presence of full-time operations personnel. The alarm system will 

notify the designated maintenance personnel of any abnormalities or 
breakdowns in the operations, though, this is very unlikely to 

occur. As mentioned, activated carbon can effectively remove 
contaminants despite fluctuations in influent concentrations. 

About once every three months, the carbon in one of the packed beds 
will be replaced, and the spent carbon trucked off-site to the 
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vendor's facility for regeneration. At this time the other 

equipment can be checked out and serviced as necessary. The pumps 

may have to be replaced every 5 years. Carbon adsorption has been 

used for years to remove these types of contaminants from water 

with known reliability, and similar sized facilities are currently 

in use at other hazardous waste sites. 

As discussed in Alternative S-2, the alternate water supply system 
will be operated and maintained by WWD. The reliability of this 
monitoring program will be very similar to the one evaluated in 

Alternative S-2. 

The reliability rating is high. 

Implementability 

There are no site conditions in the southern area which would 
restrict construction of the deep well extraction system, treatment 
facility, outfall, alternate water supply system, or 1nonitoring 

wells. However, small boulders located in the upper glacial 

outwash strata might slow down drilling and trenching activities. 

Easements across private property and land lease agreements \·Ii 11 be 

required to locate the facilities as proposed. This process might 

get delayed due to the incompatible land use considerations and 

objections from surrounding residents. 

To implement all the various components of this dlternative v-1111 

take approximately 12 months, depending on weather conditions and 
availability of contractors and equipment. Implementation would 

involve work plan development and approval, installation of a test 
well, preparation of specifications and bid packages, assembly _af 
the treatment units, construction, and startup. A test well is 
required to more accurately determine the aquifer parameters which 

can affect pumping rates and gradient modification. Because carbon 
adsorption systems have been used extensively to treat these 

contaminants, field treatability studies would probably not be 
required. Instead, a system can be designed and assembled from 
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off-the-shelf equipment based on flow rates and contaminant 

levels. The installation of the components for the alternative 
water supply system and the monitoring wells would also fit in this 

schedule as parallel work activities. 

The desired gradient modifications in the upper aquifer to contain 
the plume migration would probably be established between 2 and 4 

weeks after the deep well extraction system starts pumping. The 

carbon adsorption systen removes the contaminants as the 

groundwater is pumped through the facility with a contact ti,ne of 
approximately 50 minutes. However, the time to achieve the 

beneficial effect of treatment, which in this case is cleaning up 
a 11 of the contaminated groundwater in the upper aquifer to lileet 

ARAR, will extend beyond the 30 year span of this Feasibility 
Study. As discussed in Alternative S-2, the alternate water supply 

system immediately and continuously provides domestic water that 

complies with drinking water standards. 

The implementability rating is moderate. 

o Safety 

During the construction of the facilities for this alternative 
neither the workers nor the surrounding community will be exposed 
to hatardous materials. On the other hand, during operation and 
maintenance activities, there are several areas for exposure. Once 

the contaminant plume reaches the extraction wells, appropriate 

health and safety procedures should be followed during well 

maintenance. There is also a minor potential for the maintenance 

personnel to be exposed to contaminated water and carbon within the 
treatment facility. These exposures can also be minimized by 

following established health and safety procedures. The process 

for removing spent carbon from most commercial units has been 

specifically designed to minimize exposure. If the truck carrying 

the spent carbon is in a major accident that resulted in the 
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contents being spilled, no significant exposures are expected, 
~ecause the activated carbon can be readily collected and the 
contaminants are strongly bound. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 

feasibility rating for Alternative S-4 is high. 

Alternative S-5: Deep Well Extraction/Air Stripping/Creek Outfall 

This alternative includes deep well extraction and treatment of the 
contaminated water in the upper aquifer by air stripping, an outfall 
for discharge of treated water into Little Deep Creek, alternate water 

supply and water use restrictions for those residences with 

contaminated wells, and a monitoring program with additional ,nonitoring 

wells. 

The criteria ratings of all of the components in this Alternative S-5 

are exactly the same as in Alternative S-4, except for the treatment 
facility. In this alternative air stripping is used to volatilize the 
contaminants and the ratings for this technology are presented belo1,. 

o Performance 

The proposed air stripping system can effectively remove the four 
contaminants of concern from the groundwater in the upper aquifer, 

as well as other volatile constituents, to comply with ARAR. Air 
strippers are designed for specified water flow rates and 

contaminant influent concentrations. As these parameters vary, 
removal efficiency changes. Therefore, the system must generally 

be overdesigned to attain the desired treatment despite changes in 
contaminant concentrations. This treatment technology does not 

destroy the hazardous materials, but only transfers the 

contaminants from the groundwater to the air stream, which is then 

released to the atmosphere. However, calculations of 
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volatilization efficiency and contaminant concentrations in the air 
stream reveal that the resulting air emissions are several orders 
of magnitude below existing OSHA, NIOSH, and ACGIH limits. With 

proper maintenance this treatment facility can effectively operate 
for over 30 years. 

The performance rating is moderate because the contaminants are 

removed, but not destroyed. 

o Reliability 

The air stripping treatment facility does not require the presence 

of full-time operations personnel. The alarm system will notify 

the designated maintenance personnel of any abnormalities or 
breakdowns in the operations, though, this is very unlikely to 
occur. Routine maintenance, about every 4 to 8 weeks, is required 
to inhibit, algae growth within the towers and to check out and 
service the other equipment, such as the pumps, air blowers, and 
air preheaters. Air stripping of volatile organics is a 

well-established technology that is currently being used at other 
hazardous waste sites with similar contaminants. For example, 
these type of units are being used at well 12A in Tacoma and wells 

Hl and H2 at Lakewood to strip solvents from groundwater. 

Effective removal of contaminants despite fluctuating influent 

concentrations may be achieved by overdesigning the equipment. 

The reliability rating is high. 

o Implementability 

There are no site conditions in the southern area which would 
restrict construction of the air stripping facility. Spokane is 

located within an attainment area, so the Spokane County Air 
Pollution Control Agency (SCAPCA) has not yet developed any voe 
regulations which could be applicable to the air emissions for this 
facility. If a vapor - phase carbon adsorption unit Here necessary, 
it could be included initially or retrofitted at a later date. 
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Similar to the implementation schedule for Alternative S-4, it 
would take approximately 12 months to implement this alternative 
with air stripping. Incorporated into this schedule would be 
several weeks of field studies, when groundwater was available from 
the test well, for developing design information. Then, 

manufacturing and assembly of the packed tower units requires 4 to 
5 months . For adequate volatilization of the contaminants, the 
groundwater should be in contact with the air stream within the 

stripping tower for 5 to 10 minutes. As with carbon adsorption, 
however, to clean up of all the contaminated groundwater in the 
upper aquifer will require over 30 years; up to 50 or 60 years may 

be needed before all of the contaminants have become dissolved and 
pumped out with the groundwater. 

The implementability rating is moderate. 

o Safety 

During the construction of the air stripping facility neither the 

workers nor surrounding community will be exposed to hazardous 

materials. When the air stripper is operating both the maintenance 
personnel and surrounding residences will be exposed to extremely 
low levels of the contaminants from the air emissions, but no 
impacts are expected. 

The safety rating is high . 

Based on the evaluations presented above and, in particular, the 
emphasis on permanent treatment methods, the overall technical 

feasibility rating for Alternative S-5 is moderate. 
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Alternative S-6: Deep Well Extraction/Chemical Oxidation/Creek Outfall 

This alternative includes deep well extraction and treatment of the 
contaminated water in the upper aquifer by chemical oxidation, an 
outfall for discharge of treated water into Little Deep Creek, 
alternate water supply and water use restrictions for those residences 
with contaminated wells, and a monitoring program with additional 

monitoring wells. 

The criteria ratings for all of the components in this Alternative S-6 
are exactly the same as in Alternative S-4, except for the treatment 
facility. In this alternative, chemical oxidation by one of two 
different processes is used to destroy the contaminants. Therefore, 
only aspects of the alternative relating to these oxidation processes 
are presented below along with the criteria ratings. 

o Performance 

Both of the proposed chemical oxidation processes, ozone/UV and 
hydrogen peroxide/UV, can effectively remove the 4 contaminants of 
concern frqm the groundwater in the upper aquifer, as well as· other 
oxidizable constituents, to comply with ARAR. Dosing must be 
somewhat conservative in order to effectively destroy the 
contaminants as their influent concentrations fluctuate. Because 

both of these oxidation processes would destroy the groundwater 

contaminants on-site by converting them to carbon dioxide, chloride 
ions, and hydrogen ions, they are considered as preferred 
technologies. With proper maintenance and replacement of the UV 
lamps annually, and pumps every 5 years, an oxidation facility can 
effectively operate for over 30 years. 

The performance rating is high. 
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o Re 1 i ab il ity 

Oxidation treatment facilities do not require the presence of 

full-time operations personnel. For both processes, the oxidant, 

\-lhether it is ozone or hydrogen peroxide, is automatically fed into 
the reacti.on chamber. As with the other treatment processes, the 
alarm system \Jill notify the designated maintenance personnel of 

any abnormalities or breakdowns in the operations, though, this is 
very unlikely to occur. Routine maintenance, about every 3 to 4 

months, is required to check out and service the pumps and 
automatic feed systems. For the hydrogen peroxide/UV system, a 

4,000 gallon tank load of concentrated hydrog~n peroxide would have 

to be brought in once every eight months. For the ozone/UV systefil, 

the air compressors should be routinely checked every 2 111onths, 

while the remainder of the air preparation unit, i.e. the 

dehumidifier and air filters, require only semiannual maintenance 

The ozone/UV system has limited use to date in hazardous waste 

applications at this scale. However, it is a very simple system 
and has a good record of performance as a disinfection process in 
sanitary sewage treatment. The hydrogen peroxide/UV system also 

has a limited performance record at this scale, but was 
specifically designed to be used for treating contaminated 1,aters. 

Essentially complete destruction of the contaminants can be assured 
by conservatively designing the oxidant dosing rate to allow for 
fluctuations in the influent contaminant concentrations. 

The reliability rating is high. 

o Implementability 

There are no site conditions in the southern area which wou ld 

restrict construction of an oxidation treatment facility. There 

are no kno,,m zoning or road restrictions that \1ould preclude 

bringing in a tanker of hydrogen peroxide on U.S. Highway 2 to th e 

treatment facility. 
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Similar to the implementation schedule for Alternative S-4, it 

would take approximately 12 months to implement this alternative 

with chemical oxidation. Incorporated into this schedule would be 

several weeks of field studies, when groundwater was available from 

the test well, for developing design information and the optimal 

dose and feed rates. Then, manufacturing and assembly of the 
chemical oxidation system, whether it is ozone/UV or hydrogen 
peroxide/UV, requires 4 to 6 months. For both oxidation processes, 
adequate destruction of the contaminants would require a contact 
time in the reaction chamber of 5-10 minutes. As with the other 
proposed treatment technologies, however, to clean up all of the 
contaminated groundwater in the upper aquifer will require over 30 
years . 

The implementability rating is moderate. 

o Safety 

During the construction of the chemical oxidation facility neither 
the workers nor surrounding community \1ill be exposed to hazardou s 
materials. If the ozone/UV system is used, there will be no 

threats to safety during operation or maintenance activities. The 

ozonator comes with protective equipment that prevents ozone frrnn 

being released outside of the unit. With the hydrogen peroxide/UV 
system there is, however, potential danger to the maintenance 

personnel and community from the transport and handling of 
concentrated hydrogen peroxide, which is considered a hazardous 

material. This threat of exposure can be ,ninimized if t t1e 
responsible personnel adhere to the proper health and safety and 
Department of Transportation procedures. 

The safety rating is moderate. 

Based on the evaluations presented above, the overall technical 

feasibility rating for Alternative S-6 is high. 
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Alternative S-7: Deep Well Extraction/Carbon Adsorption/Drain Field 

This alternative includes deep well extraction and treatment of the 
contaminated water in the upper aquifer by carbon adsorption, discharge 
of treated water into a drainfield, alternate water supply and water 
use restrictions for those residences with contaminated wells, and a 

monitoring program with additional monitoring wells. 

The criteria ratings of all of the components in this Alternative S-7 
are exactly the same as in Alternative S-4, except for the method of 
disposing of the treated water. In this alternative, a drainfield is 
used to return the treated water to the upper aquifer. Even though 
this recharge to the upper aquifer requires an increase in pumping rate 
to 320 gpm for the extraction well system and a higher flow rate to be 
handled by the carbon adsorption facility, it does not affect their 
technical feasibility ratings. Therefore, only aspects of the 
alternative relating to the drainfield are presented below along with 
the criteria ratings. 

o Performance 

The soil in the proposed location of the drainfield is very 
permeable, so the water discharged through perforated drain pipe 
will readily infiltrate down toward the upper aquifer. As 
described in Section 4.1.6, the water infiltrating below the 
drainfield will form a mound that causes some gradient modification 
and thus another barrier to contaminant plume migration. However, 
the deep well extraction system is already designed with duplicate 
back-up wells to insure that the plume is contained and received a 
"high'' technical rating. The well system would have to be 
non-functioning for over 3 months before there would be a danger of 
contaminant migration past the radius of influence of the wells. 
Therefore, although a drainfield provides another containment 
barrier, it cannot further improve the technical performance of 
this alternative. This drainfield, if properly maintained, will 

have a useful life of over 30 years. 
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The performance rating is high. 

o Rel i ability 

A drainfield that is receiving fairly clean treated water with low 

nutrient concentrations, which is the case for this upper aquifer 

water, requires very little maintenance. To insure that clogging 

does not occur, a filter can be incorporated at the end of the · 

carbon adsorption treatment process to remove any suspended carbon 
particles as necessary. Drainfields have been used extensively for 
years in conjunction with septic tanks to provide on-site 

wastewater treabnent and disposal. They are also gaining use as a 
means of replenishing critical aquifers. 

The reliability rating is high. 

o Implementability 

There are no site conditions in the southern area Hhich vwuld 

restrict construction of a drainfield, except perhaps some s1nall 
boulders located in the upper glacial outwash strata that might 
slow down trenching activities. There are several contractors in 
the community that are experienced at installing drainfield 

systems. Additional easements or land lease agreements 1-lill be 

required to locate the drainfield. 

Design and construction of the drainfield \/ill fit within tile 

overall 12 month implementation schedule of an alternative with 
deep well extraction and carbon adsorption. Routine on-site soil 

percolation tests Hill be required to finalize design 
specifications, and locally available equipment and materials can 
be used. The treated water would immediately start infiltrating 
from the drainfield upon implementation of the system, but it 1-1 i ll 
take at least a month before the mound above the aquifer would 
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establish any significant gradient modifications. As with the 

other extraction/treatment/disposal alternatives, to clean up all 

of the contaminated groundwater in the upper aquifer will require 

over 30 years. 

The implementability rating is moderate. 

o Safety 

During the construction and operation of this drainfield, neither 

the workers ~or the surrounding community will be exposed to 

hazJrdous materials. Excavation for the trenches will be in an 

uncontaminated area, and the drainfield will only handle treated 

water that complies with ARAR. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative S-7 is high. 

Alternative S-8: Deep Well Extraction/Air Stripping/Drainfield 

This alternative includes deep well extraction and treatment of the 

contaminated water in the upper aquifer by air stripping, discharge of 
treated water into a drainfield, alternate water supply and water use 

restrictions for those residences with contaminated wells, and a 
monitoring program with additional monitoring wells. 

The criteria ratings of all tne components in Alternative S-8 are 
exactly the same as in Alternative S-5, except for the 1nethod of 
disposing of the treated water. In this alternative, a drainfield, as 

evaluated in Alternative S-7, is used to return the treated water to 

the upper aquifer. Even though this recharge to the upper aquifer 

results in a higher flow rate to be handled by the a i r strippi ng 

facility, it does not affect its technical feasibility rating. 
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Therefore, only aspects of the alternative directly related to using a 
drainfield in conjunction with an air stripper are presented below 
along with the criteria ratings. 

0 

0 

0 

4258a 

Performance 

Alternative S-5 received a "moderate'' performance rating 

mainly because it uses a treatment technology that does not 
destroy the contaminants; air stripping just provides for 
cross-media transfer. Even though a drainfield provides a 
contaminant barrier in addition to the deep well extraction 
system, it was considered not significant enough to improve 
the performance rating for this Alternative S-8. 

The performance rating is moderate. 

Reliability 

During the air stripping process, the treated water can pick 
up bacteria and other microorganisms suspended in the air 
stream and packed tower which could lead to biofouling of low 

energy sections of the drainfield. However, the water from 

the upper aquifer does not contain enough nutrients to support 
abundant growth, so biofouling probably will not occur. 

The reliability rating is high. 

Implementability 

Design and construction of the drainfield will fit within the 
overall 12 month implementation schedule of an alternative 

with deep well extraction and air stripping. As with the 
other extraction/treatment/disposal alternatives, to clean up 
all of the contaminated groundwater in the upper aquifer will 
require over 30 years. 

The implementability rating is moderate. 
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0 Safety 

When the air stripper is operating both the maintenance 

personnel and surrounding residences will be exposed to 

extremely low levels of the contaminants from the air 

emissions, but no impacts are anticipated. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative S-8 is moderate. 

Alternative S-9: Deep Well Extraction/Chemical Oxidation/Drainfield 

This alternative includes deep well extraction and treatment of tile 

contaminated water in the upper aquifer by chemical ~xidation, 

discharge of treated water into a drainfield, alternate water supply 

and water use restrictions for those residences with contaminated 

wells, and a monitoring program with additional monitoring wells. 

The criteria ratings of all of the components in this Alternative S-9 

are exactly the same as in Alternative S-6, except for the method of 
disposing of the treated water. In this alternative, a drainfield, as 

evaluated in Alternative S-7, is used to return the treated water to 

the upper aquifer. Even though this recharge to the upper aquifer 
results in a higher flow rate to be handled by the chemical oxidation 
facility, it does not affect its technical feasibility rating. 

Therefore, only aspects of the alternative directly related to using a 
drainfield in conjunction with one of the chemical oxidation processes 
are presented below along with the criteria ratings. 

0 

4258a 

Performance 

A 1 terna tive S-6 received a "high" performance rating because 

of the effective deep \1el l extraction system and the chemica 1 

oxidation processes destroy the contaminants. Although a 
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drainfield provides another containment barrier, it cannot furtl1er 
improve the technical performance of this alternative. 

The performance rating is high. 

o Reliability 

0 

0 

No aspects that ·affect rating. 

The reliability rating is high. 

Imp 1 ementab i 1 ity 

Design and construction of the drainfield will fit within the 
overall 12 month implementation schedule of an alternative 

with deep well extraction and chemical oxidation. As with the 
other extractiorv'treatment/disposal alternatives, to clean up 
all of the contaminated groundwater in the upper aquifer will 
require over 30 years. 

The implementability rating is moderate. 

Safety 

With the hydrogen peroxide/UV system there is potential danger 
to the maintenance personnel and community from the transport 
and handling of concentrated hydrogen peroxide, which is 

considered a hazardous material. 

The safety rating is moderate. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative S-9 is high. 
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Alternative S-10: Deep Well Extraction/Carbon Adsorption/Recharge Wells 

This alternative includes deep well extraction and treatment of the 
contaminated water in the upper aquifer by carbon adsorption, discharge 

of treated water through recharge wells, alternate water supply and 

water use restrictions for those residences with contaminated wells, 

and a monitoring program with additional monitoring wells. 

The criteria ratings of all of the components in this Alternative S-10 
are exactly the same as in Alternative S-7, except for the method of 
disposing of the treated water. In this alternative, a series of 
recharge wells is used to return the treated water directly into the 
upper aquifer. Even though this recharge to the upper aquifer requires 

an increase in pumping rate to 320 gpm for the extraction well system 
and a higher flow rate to be handled by the carbon adsorption facility, 

it does not affect their technical feasibility ratings. Therefore, 
only aspects of the alternative relating to the recharge wells are 

presented below along Yith the criteria ratings. 

0 

4258a 

Performance 

As described in Section 4.1.9, treated water will be pumped 
down directly into the upper aquifer through recharge ~ells. 

Around each recharge well a mound will form that causes strong 
localized gradient modifications and thus another barrier t o 

contaminant plume migration. However, the same discussion on 

effectiveness of a drainfield in Alternative S-7 dlso applies 
here. The deep well extraction system is already designed 
with duplicate back-up wells to insure that the plume is 
contained and received a "high" technical rating. Therefore, 
although the recharge wells provide another containment 
barrier, they cannot further improve the technical performance 
of this alternative. The recharge wells, if properly 
maintained, wi 11 have a usefu 1 1 ife of over 30 years. 

The performance rating is high. 
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Re 1 i ab i l i ty 

Recharge wells, if properly designed and installed, require 
very little maintenance. To insure that clogging does not 
occur, a filter can be installed at the end of the carbon 

adsorption treatment process to remove any suspended caroon 
particles as necessary. These recharge wells are also 
designed with sand traps to collect suspended solids that can 
be periodically cleaned out. To prevent biofouling, the wells 

are backwashed semiannually. Recharge wells are commonly used 

in remediation of groundwater, especially in conjunction with 

extraction systems. They are also gaining use as a means of 

replenishing critical aquifers. 

The reliability rating is high. 

Implementability 

There are no site conditions in the southern area 1~tiich 1muld 
restrict construction of a series of recharge wells, except 
perhaps some small boulders located in the upper glacial 

outwash strata that might slow down drilling. There are 
several local contractors that can provide the materials and 

install these recharge wells. Additional easements or land 
lease agreements will be required to locate this series of 
recharge wells. 

Design and installation of the recharge wells will fit within 
the overall 12 month implementation scnedule of an alternative 

with deep well extraction and carbon adsorption. During the 

development of each recharge well, the water levels will be 

measured to determine infiltration parameters and 
communication characteristics 11ith that section of the 

aquifer. The treated water would immediately be pumped 

through the recharge wells upon implementation of the system, 
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but it will take several weeks before the localized mounds in 

the aquifer would establish any significant gradient 
modifications. As with the other extract ion/ treatment/ 
disposal alternatives, to clean up all of the contaminated 
groundwater in the upper aquifer will require over 30 years. 

The implanentability rating is moderate. 

Safety 

During the construction and operation of the recharge wells, 
neither the workers nor the surrounding community will be 
exposed to hazardous materials. Drilling activities will be 
in an uncontaminated area, and the recharge wells will only 
handle treated water that complies with ARAR. 

The safety rating ,is high. 

Based on the evaluations presented above, the overall technical 

feasibility rating for Alternative S-10 is high. 

Alternative S-11: Deep Well Extraction/Air Stripping/Recharge Wells 

This alternative includes deep well extraction and treatment of the 
contaminated water in the upper aquifer by air · stripping, discharge of 

treated water through recharge wells, alternate water supply and water 
use restrictions for those residences with contaminated wells, and a 

monitoring program with additional monitoring wells. 

The criteria ratings of all of the components in this Alternative S-11 
are exactly the same as in A 1 tern at ive S-8, except for the method of 
disposing of the treated water. In this alternative, a series of 
recharge wells, as evaluated in Alternative S-10, is used to return t l1e 
treated water directly into the upper aquifer. Even though this 
recharge to the upper aquifer results in a higher flow rate to be 

4258a 
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handled by the air stripping facility, it does not affect its technical 
feasibility rating. Therefore, only aspects of the alternative 

directly related to using a series of discharge wells in conjunction 
with an air stripper are presented below along with the criteria 
ratings. 

o Performance 

Alternative S-8 received a "moderate" performance rating 
mainly because it uses a treatment technology that does not 
destroy the contaminants; air stripping just provides for 
cross-media transfer. Even though a series of recharge wells 
provides a containment barrier in addition to the deep well 
extraction system, it was considered not significant enough to 
improve the performance rating for this Alternative S-11. 

The performance rating is moderate. 

o Reliability 

0 

4258a 

During the air stripping process, the treated water can pick 
up bacteria and other microorganisms suspended in the air 
stream and packed tower which could lead to biofouling of the 
well screens. However, the water from the upper aquifer does 
not contain enough nutrients to support abundant growth, so 
this probably will not occur. If it does, pumps can be 
inserted into the recharge wells periodically to backwash the 
screens and remove the biological growth. 

The reliability rating is high. 

Implementability 

Design and installation of the recharge wells will fit within 

the overall 12 month implementation schedule of an alternative 
with deep well extraction and air stripping. As with the 
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other extraction/treatment/disposal alternatives, to clean up 
all of the contaminated groundwater in the upper aquifer will 

require over 30 years. 

The implementability rating is moderate. 

Safety 

When the air stripper is operating, both the maintenance 

personnel and surrounding residences will be exposed to 

extremely low levels of the contaminants from the air 
emissions, but no adverse impacts are expected. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative S-11 is moderate. 

Alternative S-12: Deep Well Extraction/Chemical Oxidation/ 

Recharge Wells 

This alternative includes deep well extraction and treatnent of the 
contaminated water in the upper aquifer by chemical oxidation, 

discharge of treated water through recharge wells, alternate water 
supply and water use restrictions for those residences with 

contaminated ,,ells, and a monitoring program with additional monitoring 

wells. 

The criteria ratings of all of the components in this Alternative S-12 

are exactly the same as in Alternative S-9, except for the method of 

disposing of the treated Hater. In this alternative, a series of 
recharge wells, as evaluated in Alternative S-10, is used to return tl1e 
treated water directly to the upper aquifer. Even though the recharge 
to the upper aquifer results in a higher flow rate to be handled by the 
chemical oxidation facility, it does not affect its technical 
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feasibility rating. Therefore, only aspects of the alternative 
directly related to using a series of recharge wells in conjunction 
with one of the chemical oxidation processes are presented below along 

with the criteria ratings. 

0 

0 

0 

4258a 

Performance 

Alternative 5-9 received a "high" performance rating because 
of the effective deep well extraction system and the chemical 

oxidation processes destroy the contaminants. Although 
recharge wells provide another containment barrier, they 

cannot further improve the technical performance of this 

alternative. 

The performance rating is high. 

Rel i ab i l i ty 

No aspects that affect rating. 

The reliability rating is high. 

Implementability 

Design and installation of the recharge wells will fit within 

the overall 12 month implementation schedule of an alternative 

with deep well extraction and chemical oxidation. As with the 
other extraction/treatment/disposal alternatives, to clean up 
all of the contaminated groundwater in the upper aquifer \/ill 
require over 30 years. 

The implementability rating is moderate. 
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o Safety 

With the hydrogen peroxide/UV system there is potential danger 

to the rna intenance personne 1 and community from the transport 

and handling of concentrated hydrogen peroxide, which is 

considered a hazardous material. 

The safety rating is moderate. 

Based on the evaluations presented above, the overall tecnnical 

feasibility rating for Alternative S-12 is high. 

5.2.2 Technical Evaluation of Remedial Alternatives for Western Area 

Alternative W-1: No Action 

This alternative includes continuation of the existing monitoring 
program of private wells in the western area to track cont~ninant 

migration in the lm,er aquifer. 

The technical evaluation of this alternative is basically the same as 
I 

presented for Alternative S-1, which evaluates the feasibility of the 

current monitoring program with the technical criteria that are applied 
to the other proposed remedial alternatives. There are no aspects of 
the monitoring program in the western area that would differ 
significantly from the southern area to change the criteria ratings. 

The technical ratings for Alternative W-1 are as follows: 

Performance 
Re 1 i ab i 1 i ty 

Implementability 
Safety 

Overall Feasibility 

4258a 

Moderate 

High 
High 

High 

High 
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Alternative W-2: Alternative Water Supply/Water Use Restrictions 

This alternative includes expansion of the pressurized water syster.1 
from System 8 to 9 of Whitworth Water District No. 2 into the western 
area, water use resttictions for those residences with contaminated 
wells, and a monitoring program with additional wells to track 

contaminant migration. 

The technical evaluation of this alternative is basically the same as 

presented for Alternative S-2. Because the western area is not 
current ly included in the Colbert Extension and the specific area 
conditions are not conducive to installing a pressurized water 
distribution system (the residences are relatively remote to WWD and at 
various elevations), additional engineering and booster pumps stations 
will be required. However, an alternate water supply can still be 

implemented in the western area within the same 12 to 18 month time 

frame estimated by PEC for Alternative S-2, so the implementability 

rating does not change. 

The technical ratings for Alternative W-2 are as follows: 

Performance 
Re 1 i ability 
Implementability 
Safety 

Overall Feasibility 

High 
High 
Moderate 
High 

High 

Alternative W-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

This alternative includes deep well extraction and treatment of the 
contaminated water in the lo\1er aquifer by carbon adsorption, an 
outfall for discharge of treated water into Little Spokane River, 

alternate water supply and water use restrictions if wells for domestic 
use become contaminated, and a monitoring program with additiondl 
monitoring ~,ells. 

4258a 
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Alternative W-4 is very similar to Alternative S-4 in many technical 
aspects but there are enough differences in area conditions and 
contaminant characteristics to warrant a completely separate evaluation. 

o Performance 

The deep well extraction system as it has been proposed to pump 

1,300 gpm will effectively capture the contaminant plume and 
prevent further migration west in the lower aquifer. The system 
design \Jith ten instead of just eight wells provides for duplicate 

backup in case one or tHo pumps go out. The remaining eight 8-inch 
\le 11 s can be pumped at a high enough rate to maintain the des ired 

gradient modification along the plume's western boundary. This 

well system if properly maintained will have a useful life of over 

30 years. 

The proposed carbon adsorption system can effectively remove the 
six contaminants of concern from the lower aquifer groundwater in 
the western area, as well as similar hydrocarbons, to comply with 
ARAR, which in this case are either the EPA proposed MCL values or 
the MAC values developed in the Risk Assessment. This treatment 
technology does not completely destroy the hazardous materials 

on-site, but only transfers the contaminants from the groundwater 

to the carbon. However, during the carbon regeneration process 
off-site, the contaminants are destroyed by incineration. No 

problems are anticipated with obtaining activated carbon or 

regenerating it in the future, even though regulations on emissions 

from incineration of hazardous materials might increase costs. 

Witn proper maintenance this treatment facility can effectively 
operate for over 30 years. 

An outfall located nearby in Little Spokane River is a simple and 

efficient way to dispose of the groundwater after it has been 

treated. The proposed expansion of the alternate water supply 
system to those areas where wells might become contaminated before 
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the extraction system is implemented will adequately supply 
domestic water to existing and future residences. In addition, the 
water use restriction should aid in protecting public health. The 
monitoring program which includes both private wells and four 
strategically placed monitoring wells will very effectively detect 
any break through of the plume past the extraction well system. 

The performance rating is high. 

o Rel i ab i 1 i ty 

The deep well extractio·n system is designed to operate very 
reliably and require the minimum amount of maintenance. The 8-inch 
size well casing prevents the pump from clogging and corroding, and 
facilitates pump removal for maintenance. Because the well system 
is slightly overdesigned for plume containment, it has some 
flexibility in regards to operation, maintenance, and adjustments 
for unexpected conditions. Given the existing physical and 
chemical characteristics of the groundwater, the pumps will easily 
last for five years and the other well components for over 30 years 
with minimal maintenance. However, in case silt appears there is a 
sand trap at the bottom to collect silt and keep it out of the pump 
and screen, and the well is designed to allow for trap cleanout. 
The groundwater will be monitored periodically for constituents 
that can affect the operations of both the wells and treatment 
facility such as calcium carbonate which can cause scaling. The 
deep well extraction technology is well established and widely used 

to provide drinking water as well as to extract contaminated 
groundwater. 

The carbon adsorption treatment facility does not require the 
presence of fu11 - time operations personnel. The alarm system will 
notify the designated maintenance personnel of any abnormalities or 
breakdowns in the operations, though, this is very unlikely to 
occur. Because methylene chloride is not as readily adsorbed by 
the carbon as the other five contaminants, it "breaks through" more 
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quickly so the carbon will have to be replaced more often than in 
the southern system in order to attain the required removal. 
Therefore, about once a week, the carbon in one of the packed beds 
will have to be replaced and the spent carbon trucked off-site to 
the vendor's facility for regeneration. Quarterly, the other 
equipment can be checked out and serviced as necessary. The pumps 
will probably have to be replaced every 5 to 10 years, but the 
remainder of the facility, including the outfall, should have a 
useful life of over 30 years. Carbon adsorption has been used for 
years to remove these types of contaminants from water with known 
reliability, and similar large-sized facilities are currently in 
use at other hazardous waste sites. 

As discussed in Alternative S-2, the alternate water supply system, 
if required, will be operated and maintained by WWD. The 

reliability of this monitoring program will be very similar to the 
one evaluated in Alternative S-2. 

The reliability rating is moderate. 

o Implementability 

There are no site conditions in the western area which would 
restrict construction of the deep well extraction system, treatment 
facility, outfall, or monitoring wells. However, small boulders 
located in the upper glacial outwash strata might slow down 
trenching for the outfall and large blocks of basalt within the 
lower aquifer formation could hamper drilling of the extraction 
wells. Easements across private property and land lease agreements 
will be required to locate the alternative facilities as proposed. 
This process might get held up due to the incompatible land use 
considerations and objectives from surrounding residents. 

To implement all the various components of this alternative will 
take approximately 12 months. Implementation would involve work 
plan development and approval, installation of a test well, 
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preparation of specifications and bid packages, assembly of tne 
treatment units, construction, and startup. A test well is 
required to more accurately determine the aquifer parameters which 

can affect pumping rates and gradient modification. oecause carbon 

adsorption systems have been used extensively to treat these 

contaminants, field treatability studies would probably not be 

required. Instead, a system can be designed and assembled from 

off-the-shelf equipment based on typical groundwater 

characteristics and contaminant levels. The installation of the 
components for the alternative water supply syst~n, if necessary, 
and the monitoring wells would also fit in this schedule as 

parallel work activities. 

The desired gradient modifications in the lower aquifer to contain 

the plume migration would probably be established between 2 and 4 

weeks after the deep well extraction system starts pumping. The 

carbon adsorption system removes the contaminants as the 

groundwater is pumped through the facility with a contact time of 
approximately 30 minutes. However, the time to achieve the 
beneficial effect of treatment, which in this case is cleaning up 
all of the contaminated groundwater in the lower aquifer to meet 
ARAR, will extend beyond the 30 year span of this Feasibility 

Study. As discussed in Alternative S-2, the alternate water supply 

system, if necessary, can immediately and continuously provide 

domestic water that complies with drinking water standards. 

The implementability rating is moderate. 

o Safety 

During the construction of the facilities for this alternative 
neither the workers nor the surrounding community will be exposed 
to hazardous materials. On the other hand, during operation and 

maintenance activities, there are several areas for potential 

exposure. Once the contaminant plume reaches the extraction wells, 
appropriate health and safety procedures should be followed during 
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well maintenance. There is also a potential for the maintenance 
personnel to be exposed to contaminated water and carbon within the 
treatment facility. These exposures can also be 1ninimized thougll 
by following established health and safety procedures. The process 
for removing spent carbon from most commercial units has been 
specifically designed to minimize exposure. There is a remote 
potential for exposure to the community if the truck carrying tt1e 

spent carbon is in a major accident that resulted in the contents 

being spilled. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 

feasibility rating for Alternative W-4 is high. 

Alternative W-5: Deep Well Extraction/Air Stripping/River Outfall 

This alternative includes deep well extraction and treatment of the 

contaminated water in the lower aquifer by air stripping, an outfal l 
for discharge of treated water into Little Spokane River, alternate 

water supply and water use restrictions if wells for domestic use 
become contaminated, and a monitoring program with additional 
monitoring wells. 

The criteria ratings of a l l of the components in this Alternative W-5 
are exactly the same as in Alternative W-4, except for the treabnent 

facility. In this alternative air stripping is used to volatili ze the 
contaminants and the ratings for this technology, \lhich are the same as 

in Alternative S-5 except for performance, are presented below. 

o Performance 

The proposed air stripping system can effectively remove five of 
the six contaminants of concern from the groundwater in the vestern 
area to comply with ARAR. Methylene chloride is not as volatile as 

the other contaminants, so an air stripper designed to provide the 
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percentage removals required for the more volatile contaminants may 
not adequately remove MC. However, a larger tower may be 
constructed to remove 99 percent or more of the MC. This removal 
efficiency would produce an effluent with about 6 µg/1 or less MC, 
a concentration comparable to the ingestion MAC value of 2.5 µg/1 
calculated in the risk assessment. Therefore, air stripping may 
meet the performance standards for all the contaminants. 
Furthermore, upon discharge of the treated water the methylene 
chloride would be diluted by at least a factor of 20, so that the 
concentrations in the river would be well below the MAC value. 
This treatment technology does not destroy the hazardous materials, 
but only transfers them from the groundwater to the air stream, 
which is then released to the atmosphere. Nevertheless, 
calculations of contaminant concentrations in the air stream reveal 
that the resulting air emissions are several orders of magnitude 
below existing OSHA, NIOSH and ACGIH limits. With proper 
maintenance this treatment facility can operate for over 30 years. 

The performance rating is moderate. 

The remaining technical ratings for Alternative W-5 are as follows: 

4258a 
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Alternative W-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall 

This alternative includes deep well extraction, treatment of the 
contaminated water in the lower aquifer by a combination of air 

stripping and carbon adsorption, an outfall for discharge of treated 

water into Little Spokane River, alternate water supply and water use 

restrictions if wells for domestic use become contaminated, and a 
monitoring program with additional monitoring wells. 

The criteria ratings of all of the components in this Alternative W-6 
are exactly the same as in Alternative W-4, except for the treatment 
facility. In this alternative air stripping is initially used to 

remove most of the contamination and then the water is run through a 
carbon adsorption system to further reduce the contaminant 

concentrations, mainly of methylene Chloride, to the MAC levels. The 
ratings for this combination of treatment technologies are presented 
below. 

o Performance 

The proposed combination treabnent system 1rould be designed to 
attain the MAC levels in the most cost effective manner. Because 
replacing spent carbon is significantly more expensive than 
building an air stripping tower, the air stripping component will 

be sized to remove most of the contamination, especially the 
methylene chloride. Then the carbon adsorption component will be 

designed to remove the remaining contamination to compliance 
levels. Neither of these treatment technologies destroy the 

hazardous materials, but instead transfer them from the groundwater 

into other media - air and carbon. However, calculations of the 
contaminant concentrations in the air stream reveal that the 
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resulting air emissions are well below applicable standards, and 

during the carbon regeneration process off-site, the contaminants 

are destroyed by incineration. With proper maintenance this 

combined treatment facility can effectively operate for over 30 

years. 

This performance rating is moderate. 

o Reliability 

Neither of these treatment systems require the presence of 

full-time operations personnel. The alarm system will notify the 

designated maintenance personnel of any abnormalities or breakdowns 
in the operations, though, this is very unlikely to occur. Because 

methylene chloride is not readily adsorbed by the carbon, it 

"breaks through" very quickly. So, even though most of the i~C is 

removed during air stripping, the carbon will still have to be 
replaced more often that in the so'uthern system, but not as often 

as estimated for Alternative W-4. Therefore, about once every 

other week, the carbon in half of the packed beds will have to be 
replaced, and the spent carbon trucked off-site to the vendor's 

facility for regeneration. Routine maintenance, about every 2 to 3 

months, is required for the air stripping system and other 

components of the carbon adsorption system. Combined air 

stripping/carbon adsorption systems have been used effectively at 
hazardous Haste sites \lith similar contaminants. For example, a 
comparable system was recently used to remove volatile organics 
from groundwater at 1000 gpm in New Jersey (McKinnon and Uyksen 
1984). 

The reliability rating is moderate. 
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o Implementability 

The larger combined treatment facility can still be located in the 
western area and implemented within the 12 month schedules 
estimated for Alternatives W-4 and W-5. There are vendors who can 
design, assemble, and install such a combined facility. For 
adequate volatilization and contact time with the carbon, it will 
take from 60 to 70 minutes to treat groundwater in this facility. 
As with the individual treatment technologies, it will require over 
30 years to clean up all the contaminated groundwater in the lower 
aquifer. 

The implementability rating is moderate. 

o Safety 

During the construction of the combined facility neither the 
workers nor the surrounding community will be exposed to hazardous 
materials. On the other hand, during operation and maintenance 
activities there are several areas of minor potential exposure with 
handling the spent carbon and from the air emissions containing 
extremely low levels of the contaminants. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative W-6 is moderate. 

Alternative W-7: Deep Well Extraction/Chemical Oxidation/River Outfall 

This alternative inclodes deep well extraction and treatment of the 
contaminated water in the lower aquifer by chemical oxidation, an 
outfall for discharge of treated water into Little Spokane River, 
alternate water supply and water use restrictions if wells for domestic 
use become contaminated, and a monitoring program with additional 
monitoring wells. 
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The criteria ratings of all of the components in this Alternative W-7 
are exactly the same as in Alternative W-4, except for the treatment 
facility. In this alternative, chemical oxiddtion by one of two 
different processes is used to destroy the contaminants and the ratings 
for these technologies are the same as in Alternative S-6. The only 

difference is that a 4,000 gallon tank load of concentrated hydrogen 

peroxide would have to be brought in once every four to six weeks, 

which changes the reliability rating to moderate. 

The technical ratings for Alternative W-7 are as follows: 

Performance 
Reliability 
Implementability 
Safety 

Overall Feasibility 

High 
Moderate 
Moderate 
Moderate 

Moderate 

5.2.3 Technical Evaluation of Removal Alternatives for Eastern Area 

Alternative E-1: No Action 

This alternative includes continuation of the existing monitoring 
program of private wel l s and supplying water to the residences 

currently hooked up to the Colbert Extension implemented as the Initial 
Remedial Measure by the Whitworth Water District No. 2. 

The technical evaluation of this alternative is basically the sillne as 

presented for Alternatives S-1 and W-1. There are no aspects of the 
1nonitoring program in the eastern area that would differ significantly 
from the southern or western areas to change the criteria ratings. 
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The technical ratings for Alternative E-1 are as follows: 

Performance 

Rel i ab i l i ty 

Implementability 
Safety 

Overall Feasibility 

Moderate 
High 

High 
High 

High 

Alternate E-2: Alternative Water Supply/Water Use Restrict ions 

This alternative includes a monitoring program \dth additional v,ells to 
track contaminant migration, water use restrictions, and expdnsion of 

the Colbert Extension and the southern portion of System 9 in order for 

WWD to provide domestic \'later to existing and future residents in 

sections of the eastern area with contaminated groundwater. 

The technical evaluation of this alternative is basically the same as 
presented for Alternatives S-2 and W-2. 

The technical ratings for Alternative E-2 are as follows: 

Performance 
Rel i ab il i ty 

Imp lementability 
Safety 

Overall Feasibility 

High 
High 

Moderate 

High 

High 

Alternative E-4: Deep Well Extraction/Carbon Adsorption/River Outfdll 

This alternative includes deep well extraction and treatment of the 
contaminated \.Jater in the lower aquifer by carbon adsorption, an 

outfall for discharge of treated \later into Little Spokane River, 

alternate water supply and Hater use restrict ions for those residences 

with contaminated wells, and a monitoring program with additional 
monitoring wells. 
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The technical evaluation of this alternative is basically the same as 
presented for Alternative W-4. There are several differences due to 
local conditions in the eastern area that are noted below, but they are 
not significant enough to change the criteria ratings. 

o Performance 

The purpose of the deep well extraction system in this alternative 

is to draw out contamination from the area suspected to contain 

secondary sources and not to contain plume migration. Because the 
location of these secondary sources, the DNAPL pools discussed in 
Section 1 .3.2, are unknown, it is difficult to evaluate the 
effectiveness of the extraction system. Based on the behavior of 

the contaminants to date in the aquifers and the geohydrological 
parameters, increasing the flow of groundwater though the secondary 

source area may increase the dissolution of the residual 
contaminants. Pumping some of the contamination out near the 
source would prevent its eventual migration through the aquifer, 

thus reducing the 50 or more years that it would take to clean up 
the aquifers . 

The performance rating is high. 

o Reliability 

No aspects that affect previous rating. 

The reliability rating is moderate. 

o Implementability 

Even though these extraction wells in the eastern area are not as 
deep as those in the western system, there still is a good 
possibility that drilling could be hampered when large blocks of 
basalt are encountered in the lower aquifer formation. Also, in 
the eastern area many of the extraction wells and most of the 
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collection manifold piping are located in or border on numerous 

private and residential properties. So, the process· of obtaining 
the necessary easements or land 1 ease agreements wi 11 be more 

complicated and could run into more objections frorn the residents. 

The implementability rate is moderate. 

o Safety 

No aspects that affect previous rating. 

The safety rating is high. 

Based on the evaluations presented above, the overall technical 
feasibility rating for Alternative E-4 is high. 

Alternative E-5: Deep Well Extraction/Air Stripping/River Outfall 

This alternative includes deep well extraction and treatment of the 

contaminated water in the lower aquifer by air stripping, an outfall 
for discharge of treated water into Little Spokane River, alternate 

Hater supply and water use restrictions for those residences vlith 
contaminated wells, and a monitoring program \vith additional monitoring 

we 11 s. 

The technica l evaluation of this alternative is basically the same as 
presented for Alternative W-5. The differences due to local conditions 

in the eastern area, that are noted in Alternative E-4, are also 
applicable for this alternative, but they are not significant enough to 

change the criteria ratings. 
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The technical ratings for Alternative E-5 are as follows: 

Performance 
Re 1 i ab i1 i ty 
Implementability 

Safety 

Overall Feasibility 

Moderate 
High 

Moderate 

High 

,"1oderate 

Alternative E-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall 

This alternative includes deep well extraction and treatment of the 

contaminated \1'ater in the lm,er aquifer by a combination of air 

stripping and carbon adsorption, an outfall for discharge of treated 

water into Little Spokane River, alternate water supply and water use 
restrictions for those residences with contaminated wells, and a 
monitoring program with additional wells. 

The technical evaluation of this alternate is basically the same as 
presented in Alternative W-6. The differences due to local conditions 

in the eastern area, that are noted in Alternative E-4, are also 
applicable for this alternative, but they are not significant enough t o 
change the criteria ratings. 

The technical ratings for Alternative E-6 are as follows: 
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Alternative E-7: Deep Well Extraction/Chemical Oxidation/River Outfall 

This alternative includes deep well extraction and treatment of the 

contaminated water in the lower aquifer by chemical oxidation, an 
outfall for discharge of treated water into Little Spokane River, 

alternate water supply and \~ater use restrictions for those residences 

with contruninated wells, and a monitoring program with additional wells. 

The technical evaluation of this alternative is basically the same as 

presented in Alternative W-7. The differences due to local conditions 
in the eastern area, that are noted in Alternative E-4, are also 

applicable for this alternative, but t~ey are not significant enough to 
change the criteria ratings. 

The technical ratings for Alternative E-7 are as follows: 

Performance 
Reliability 
Implementability 

Safety 

Overall Feasibility 

5.2.4 Summary of Technical Evaluation 

High 

Moderate 
Moderate 

Moderate 

Moderate 

Tables 5.2(a), 5.2(b), and 5.2(c) summarize the technical evaluations 

of the alternatives. Individual and overall ratings are listed along 

with brief descriptions of the major factors that account for the 
rating. 

5.3 INSTITUT IONAL REQUIREMENTS 

This section of the Feasibility Study presents a preliminary discussion 
and evaluation of the institutional concerns regarding the Colbert 
Landfill Site remedial action alternatives as described in 
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TABLE 5-2a 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Remedial Alternatives 

SOUTHERN AREA 

S-1: No action 

S-2: Alternate water 
supply/water use 
restrictions 

S-4: 

S-5 : 

S-6: 

6017a 

Deep well extraction/ 
carbon adsorption/ 
creek outfall/ 

Deep well extraction/ 
air stripping/creek 
outfall 

Deep well extraction/ 
chemical oxidation/ 
creek outfall 

Performance 

Effectiveness 

Only monitoring private wel l s 
that are not evenly distributed 
throughout area 

Useful Life 

30+ years 

Performance Rating Moderate 

"Immediate" and "long-term needs" 
very effective for providing 
domestic water 

Performance Rating High 

Plume contained; contaminants 
removed; domestic water supplied; 
effective monitoring; effective 
contaminant removal despite influ
ent concentration fluctuations 

Performance Rating High 

30+ years 

30+ years 

Same as S-4 except cross-media Same as S-4 
transfer of contaminants instead 
of removal; overdesign air stripper 
to ensure efficient removal aespite 
fluctuations in concentrations 

Performance Rating Moderate 

Same as S-4 except contaminants 
are destroyed on-site; overdose to 
ensure contaminant destruction 

Performance Rating High 

Same as S-4 

Criterion 

Operation and 
Maintenance Requirements 

Reliability 

Private wells maintained by home 
owners 

Possible 
Failure Modes 

Well-established methodologies 
for collection of samples and 
analysis of six contaminants 

Reliability Rating High 

Operation and maintenance of pres
surized water system by Whitworth 
Water District (WWD) 

Well-established and reliable 
technology, chosen as IRM 

Reliability Rating High 

Minimal maintenance of wells; 
quarterly replace carbon and service 
equipment; alternate water operated 
by WWD 

Well extraction, carbon adsorp
tion and outfall well estab
lished technologies used at 
similar hazardous waste sites 

Reliability Rating High 

Same as S-4 except bimonthly 
maintenance of air stripper 

Same as S-4; air stripping is 
well established technology 
currently used at similar sites 

Reliability Rating High 

Same as S-4 except maintenance 
required every 2 to 4 months 
depending on process 

Same as S-4; processes have 
limited performance record at 
hazardous waste sites but good 
experience in other appli
cations 

Reliability Rating High 
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TABLE 5-2a (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Performance 

Remedial Alternatives Effectiveness Useful Life 

S-7: Deep well extraction/ Same as S-4; drainfield provides 30 + years 
carbon adsorption/ recharge but not more effective 
drainfield than outfa 11 

Performance Rating High 

S-6: Deep well extraction/ Same as S-5; drainfield provides 30 + years 
air stripping/ recharge but not more effective 
drainfield than outfall 

Performance Rating Moderate 

S-9: Deep well extraction/ Same as S-6: drainfield provides 30 + years 
chemical oxidation/ recharge but discharge not more 
drainfield effective than outfall 

Performance Rating High 

S-10: Dee~ well extraction/ Same as S-7; recharge wells as Same as S-7 
car on adsorption/ effective as drainfield for 
recharge wells discharge 

Performance Rating High 

S-11 : Deep well extraction/ , same as S-8; recharge wells as Same as S-8 
air stripping/ effective as drainfield for 
recharge wells discharge 

Performance Rating Moderate 

S-12 : Deep well extraction/ Same as S-9; recharge wells as 
chemical oxidation/ effective as drainfield for 

Sarne as S-9 

recharge wells discharge 

Perfonilance Rating High 

6017a 

Criterion 

Reliability 

Ope rat ion and 
Maintenance Requirements 

Possible 
Failure Hodes 

Same as S-4 

Same as S-5 

Same as S-6 

Same as S-7 

Same as S-8 

Same as S-9 

Same as S-4, drainfield also 
well established technology 

Reliability Rating High 

Same as S-5, drainfield also 
well established technology 

Reliability Rating High 

Same as S-6, drainfield also 
well established technology 

Reliability Rating High 

Same as S-7, recharge wells 
also well established 
technology 

Reliability Rating High 

Same as S-8; recharge wells 
also well established 
technology 

Reliability Rating High 

Same as S-9; recharge wells 
also well established 
technology 

Rel iability Rating High 
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TABLE 5-2a (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

---------~-------~-~---~-----~------~---~--~~-----~-------------~~-----~--

Remedial Alternatives 

WESTERN AREA 

W-1: Noaction 

W-2: Alternate water 
supply/water use 
restrictions 

W-4: Deep well extraction/ 
carbon adsorption/ 
creek outfall/ 

W-5: Deep well extraction/ 
air stripping/river 
outfall 

W-6: Deep well extraction/ 
air stripping and 
carbon adsorption/ 
river outfall 

6017a 

·Performance 

Effectiveness 

Unly monitoring private wells 
that are not evenly distributed 
throughout area 

Useful Life 

30+ years 

Performance Rating Moderate 

"Illlllediate• and "long-term needs" 
very effective for providing 
domestic water 

Performance Rating High 

Plume contained; contaminants 
removed; domestic water supplied; 
effective monitoring; effective 
contaminant removal despite influ-
ent concentration fluctuations 

Performance Rating High 

Same as W-4 except may not remove 
methylene chloride to MAC and 
cross-n~dia transfer; methylene 
chloride diluted in river; over-
design stripper to ensure efficient 
removal 

30+ years 

30+ years 

Same as W-4 

Performance Rating 11oderate 

Same as W-5 except remaining Same as W-5 
methylene chloride is removed 

Performance Rating Moderate 

Criterion 

Operation and 
Maintenance Requirements 

Re 1 iabil ity 

Private wells maintained by home 
owners 

Possible 
Failure Modes 

Well-established methodologies 
for collection of samples and 
analysis of six contaminants 

Reliability Rating High 

Operation and maintenance of pres
surized water system by Whitworth 
Water District (WWD) 

Well-established and reliable 
technology; chosen as IRM 

Reliability Rating High 

Minimal maintenance of wells; 
weekly replace carbon and service 
equipment; alternate water operated 
by WWD 

Well ext raction, carbon adsorp 
tion and outfall well estab
lished technologies used at 
similar hazardous waste sites 

Reliability Rating Moderate 

Same as W-4 except bin~nthly 
maintenance of air stripper 

Same as W-4 

Reliability Rating High 

Same as W-5 except carbon must 
also be replaced biweekly 

Same as W-5; combined systems 
have good performance records 
at hazardous waste sites 

Reliability Rating Moderate 
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Remedial Alternatives 

WESTEl{H AREA (Cont. ) 

W-7: Deep well extraction/ 
chemical oxidation/ 
river outfall 

EASTERN AREA 

E-1: No action 

E-2: Alternate water 
supply/water use 
restrictions 

E-4: 

E-5: 

6017a 

Deep well extraction/ 
carbon adsorption/ 
river out fa 11 

Ueep well extraction/ 
air stripping/river 
outfall 

- Ill • 11111 • Ill - Ill 1111 1111 1111 • Ill 1111 -
TAHLE 5-2a (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Performance 

Effectiveness 

Same as W-4 except contaminants 
are destroyed on-site; overdose 
with oxidant to ensure contaminant 
destruct ion 

Performance Rating High 

Only monitoring private wells 
that are not evenly distributed 
throughout area 

Useful Life 

Same as W-4 

30-t years 

Performance Rating ~loderate 

"ln~~diate• and "long-term needs• 
very effective for providing 
domestic water 

Performance Rating High 

Contaminants removed but does not 
halt plune migration; domestic 
water supplied; effective monitor
ing; effective contaminant removal 
despite fluctuations in concentra
tions 

Perforrnance l{ating High 

30-t years 

30+ years 

Same as E-4 except 11C may not be 30-t years 
removed to MAC; MC diluted in river 
to below MAC cross-media transfer; 

Criterion 

Operation and 
Haintenance Requirements 

Reliability 

Same as W-4 except maintenance 
required every 1 to 2 months 
depending on process 

Possible 
Failure Modes 

Same as W-4; processes have 
limited performance record at 
hazardous waste sites but good 
experience in other appli
cations 

Reliability Rating Moderate 

Private wells maintained by home 
owners 

Well-established methodologies 
for collection of samples and 
analysis of six contaminants 

Reliability Rating High 

Operation and maintenance of pres
surized water system by Whitworth 
Water District (WWO) 

Well -established and reliable 
technology, chosen as IRM 

Reliability Rating High 

Minimal maintenance of wells; weekly 
replace carbon and service equip
ment; alternate water operated by 
WWD 

Well extraction, carbon adsorp
tion and outfall well estab
lished technologies used at 
similar hazardous waste sites 

Reliability Rating Moderate 

Minimal maintenance of wells; bi
monthly maintenance of air stripper 
alternate water operated by WWD 

Well extraction, carbon adsorp
tion and outfall well estab
lished technologies used at 
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Ill 11111 Ill 

Remedial Alternatives 

E-5 (Continued) 

E-6: 

E-7: 

6017a 

Deep well extraction/ 
air stripping and 
carbon adsorption/ 
river outfa 11 

Deep well extraction/ 
chemical oxidation/ 
river outfall 

.... • Ill • Ill • Ill 1111 Ill Ill • 1111 • • 
TABLE 5-2a (Continued) 

SUMl'lARY OF TECHNICAL FEASIBILITY EVALUATION 

Performance 

Effectiveness 

overdesign air stripper to ensure 
efficient removal despite influent 
concentration fluctuations 

Useful Life 

Performance Rating Moderate 

Same as E-5 except remaining MC 
removed 

30+ years 

Performance Rating Moderate 

Same as E-4 except contaminants are 
destroyed on-site; overdose with 
oxidant to ensure contaminant 
destruct ion 

Performance Rating High 

30+ years 

Criterion 

Operation and 
Maintenance Requirements 

Reliability 

Possible 
Failure Hodes 

similar hazardous waste sites 

Reliability Rating High 

Same as E- 5 except carbon must be 
replaced biweekly 

Same as E-5; combined system~ 
have good performance records 
at hazardous waste sites 

Reliability Rating Moderate 

Same as E-4 except maintenance 
required every 1-2 months depending 
on process 

Same as E- 4; processes have 
limited performance record 
at hazardous waste sites. but 
good experience in other appli 
cation 

Reliability Rating Moderate 
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Remedial Alternatives 

SOUTHEl!N AREA 

S-1: No action 

S-2: Alternate water 
supply/water use 
restrictions 

.. 

S-4: Ueep well extraction/ 
carbon adsorption/ 
creek outfall 

S-5: Deep well extraction/ 
air stripping/creek 
outfall 

S-6: Ueep well extraction/ 
chemical oxidation/ 
creek outfall 

6021a 

• 11111 Ill Ill • • 11111111 Ill 

Site Condit ions 

No site restrictions 

No site restrictions 

Sarne as S-4 

Same as S-4 

TABLE 5-2b 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructability 

Conditions 
External to Site 

Continue 1986 Honitoring Program 

Implementability Rating High 

To Implement 

Extensive right-of-ways 
required 

12-18 months 

Implementability Rating Moderate 

Easements and land lease 
agreements required 

12 months 

Imp 1 eraentabil ity Rating Moderate 

Same as S-4 
SCAPCA has no voe regulations 
on air emissions 

Same as S-4 

Implementability Rating Moderate 

Same as S-4 Same as S-4 

Implementability Rating Moderate 

• 11111 1111 • • 

Time 

To See Desired Results 

Domestic water available 
innediately after hook up to 
system 

Treatment - 60 minutes 
Clean-up aquifer - 30+ years 

Treatment - 5-10 minutes 
Clean-up aquifer - 30+ years 

Treatment - 5-10 minutes 
Clean-up aquifer - 30+ years 
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Remedial Alternatives 

S-7: Deep well extraction/ 
carbon adsorption/ 
drainfield 

S-B: Deep well extraction/ 
air stripping/ 
drainfield 

S-9: Deep well extraction/ 
chemical oxidation/ 
drainfield 

6021a 

1111 • - - - .. - 1111 1111 -
TABLE 5-2b (Continued) 

SltlMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructabi 1 ity 

Site Condit ions 

No site restrictions 

No site restrictions 

No site restrictions 

Conditions 
External to Site 

Same as S-4; additional land 
lease agreements required 

To Implement 

12 months 

Iaiplementability Rating Moderate 

Easements and land lease 12 months 
agreements required; SCAPCA 
has no voe regulations on air 
emissions 

Implementability Rating Moderate 

Easements and land lease 
agreements required 

12 months 

Implementability Rating Moderate 

• 

Tirae 

1111 - - -

To See Desired Results 

Treatment - 60 minutes 
clean up aquifer - 3o+ years 

Treatment - 5-10 minutes 
Clean up aquifer - 3o+ years 

Treatment - 5-10 minutes 
Clean up aquifer - 30+ years 
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Remedial Alternatives 

S-10: Deep well extraction/ 
carbon adsorption/ 

recharge wells 

S-11: Deep well extraction/ 
air stripping/ 
recharge wells 

S-12: Deep well extraction/ 
chemical oxidation/ 

recharge wells 

6021a 

• - - • - • • - 11111 • 
TABLE 5-2b (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructability 

Site Conditions 

No site restrictions 

No site restrictions 

No site restrictions 

Conditions 
External to Site 

Easements and land lease 
agreements for wells and 
facility 

To Implement 

12 months 

Implementability Rating Moderate 

Easements and land lease 
agreements for wells and 
facility 

12 months 

Implementability Rating Moderate 

Easements and land lease 
agreements for wells and 
facility 

12 months 

In~lementability Rating Moderate 

• • - • -

Time 

To See Desired Results 

Treatment - 60 minutes 

Clean up aquifer - 3o+ years 

Treatment - 5-10 minutes 
Clean up aquifer - 30+ years 

Treatment - 5-10 minutes 
Clean up aquifer - 30+ years 
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Remedial Alternatives 

WESTERN AREA 

W- l: No act ion 

W-2: Alternate water supply/ 

water use restrictions 

W-4: Ueep well extraction/ 
carbon adsorption/ 
river out fa 11 

6021a 

• • 

Site Conditions 

• • • • • • • 
TABLE 5-2b (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructability 

Conditions 
External to Site To Implement 

• • - - -
Time 

To See Desired Results 

-----·-------~--------~-~-----~------------

Continue l9B6 monitoring program 

Same as S-2: no site 
restrictions; area not as 
conducive for installing 
pressurized water system 

No site restrictions; large 
blocks of basalt could 
hamper drilling 

Implementability Rating High 

Extensive Right-of-ways 
required 

12-18 months 

lmplenentabil ity Rating Moderate 

Easements and land lease 
agreements required 

12 months 

Implementability Rating Moderate 

Domestic water supply 
available ilTlllE!diately after 

hookup 

Treatr.ient - 60 minutes 

Clean up aquifer - 30+ years 
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Remedial Alternatives 

W-5: Deep well extraction/ 
air stripping/river 

outfall 

W-6: Deep well extraction/ 
air stripping and 
carbon adsorption/ 
river outfa 11 

W-7 : Deep well extraction/ 
chemical oxidation/ 
river outfall 

6021a 

• - - - 1111 • • • • 1111 

TABLE 5-2b (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructability 

Site Conditions 
Conditions 

External to Site· To Implement 

No site restrictions; large 
blocks of basalt could 
hamper dri 11 ing 

No site restrictions; large 
blocks of basalt could 
hamper drilling 

No site restrictions; large 
blocks of basalt could 
hamper drilling 

Same as W-4; SCAPCA has no 

voe regulations on air 
emissions 

12 months 

ID4Jlementability Rating Moderate 

Easements and land 12 months 
lease agreements required 

Implementability Rating Moderate 

Easements and land 12 months 
lease agreements required 

Implementability Rating Moderate 

1111 • 1111 - 1111 

Time 

To See Desired Results 

Treatment - 5-10 minutes 

Clean up aquifer - 30+ years 

Treatment - 60 minutes 
Clean up aquifer - 30+ years 

Treatment - 5-10 minutes 
Clean up aquifer - 30+ years 
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Remedial Alternatives 

EASTERN AA.EA 

E-1: No action 

E-2: Alternate water supply/ 
water use restrictions 

E-4 : Deep well extraction/ 
carbon adsorption/ 
river out fa 11 

6021a 
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TABLE 5-2b (Continued) 

S1.R-1HARY Of TECHNICAL FEASIBILJTY EVALUATJON 

Criterion 

lmp l ementab i I ity 

Constructability 

Site Condit ions 
Conditions 

External to Site To Implement 

Continue 1986 Monitoring Program 

No site restrictions 

No site restrictions; 
Large blocks of basalt could 
hamper drilling 

Implementability Rating High 

Extensive right-of-ways 
required 

12-18 months 

Implementability Rating Moderate 

Easements an9 land 12 months 
lease agreements required; more 
right-of-ways across residential 
property required 

lmplernentability Rating Moderate 

Ill • Ill Ill 1111 

Time 

To See Desired Results 

Domestic water supply 
available inmediately after 
hookup 

Treatment - 60 minutes 
Clean up aquifer - 30+ years 
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Remedial Alternatives 

E-5: Deep well extraction/ 
air stripping/ 
river out fa 11 

E-6: Deep well extraction/ 
air stripping and 
carbon adsorption/ 

river out fa 11 

E-7: Deep well extraction/ 
chemical oxidation/ 

river outfa 11 

6021a 

• • 11111 • • • • • • -
TABLE 5-2b (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Implementability 

Constructability 

Site Conditions 
Conditions 

External to Site To Implement 

No site restrictions; large 
blocks of basalt could 
hamper dri 11 ing 

No site restrictions; large 
blocks of basalt could 
hamper dri 11 ing 

No site restrictions; large 
blocks of basalt could 
hamper dri 11 ing 

Easements and land lease 

agreements required; more 
right-of-ways across 
residential property required 

12 months 

Implementability Rating Moderate 

Easements and land lease 12 months 
agreements required; more 
right-of-ways across 
residential property required 

Implementability Rating Moderate 

Easements and land lease 

agreements required; more 
right-of-ways across 
residential property required 

12 months 

Implementability Rating Moderate 

• • • • • 

Time 

To See Desired Results 

Treatment - 5-10 minutes 

Clean up aquifer - 3o+ years 

Treatment - 5-10 minutes 

Treatment - 5-10 minutes 

Clean up aquifer - 3o+ years 
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Remedial Alternatives 

S-1: No action 

S-2: Alternate water supply/ 
water use restrictions 

S-4: 

S-5: 

S-6 : 

Deep well extraction/carbon 
adsorption/creek outfall 

Deep well extraction/ 
air stripping/creek outfall 

Deep well extraction/chemical 
oxidation/creek outfall 

S-7: Deep well extraction/carbon 
adsorption/drainfield 

6028a 

• • • • - • • • • - -
TABLE 5-2c 

SUt-iMARY OF TECHNICAL FEASIBILITY EVALUATION 

r1terion 
Safety Consideration 

Worker Health and Safety 

SOUTHERN AREA 

Short-term: N/A 
Long-term: Exposure during sampling 

and analysis 

No exposure 

Short-term: 
Long-term: 

Short-term: 
Long-term: 

Short-term: 
Long-term: 

Same as S-4 

Safety Rating High 

Safety Rating High 

No exposure 
Potential exposure to water 
and spent carbon 

Safety Rating High 

No exposure 
Potential exposure to water 
and minimal exposure to air 
emissions 

Safety Rating High 

No exposure 
Potential exposure to water 
and hydrogen peroxide 

Safety Rating Moderate 

Safety Rating Hi gh 

Neighboring Facilities 
and Conrnunities 

NIA 

No exposure 

Short-term: 
Long-term: 

Short-term: 
Long-term: 

Short-term: 
Long-term: 

Same as S-4 

Ho exposure 
Potential exposure 
to spent carbon if 
major truck accident 

No exposure 
Minimal exposure to air 
emissions 

No exposure 
Potential exposure 
to hydrogen peroxide 
if truck accident 

• • -
Over a 11 Rating 

High 

High 

High 

Moderate 

High 

High 
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Remedial Alternatives 

Deep we]] extraction/ 
air stripping/drainfieJd 

S-9: Deep well extraction/ 
chemical oxidation/drainfield 

(..11 

I 

~ S-10: Deep well extraction/carbon 
adsorption/recharge wells O'" 

S-11: Deep well extraction/ 
air stripping/recharge wells 

S-12: Deep well extraction/chemical 
ox idation/recharge wells 

6028a 

• • 1111 • • • • • • • • 
TABLE 5-2c (Continued) 

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Safety Consideration 

Worker Health and Safety 

Short-term: No exposure 
Long-term: Potential Exposure to water and 

minimal exposure to air emissions 

Safety Rating High 

Short-term: . No exposure 
Long-term: Potential exposure to water and 

and hydrogen peroxide 

Safety Rating Moderate 

Short-term: No exposure 
Long-term: Potential exposure to water 

or spent carbon 

Safety Rating High 

Same as S-B 

Safety Rating High 

Same as S-9 

Safety Rating Moderate 

Neighboring Facilities 
and Communities 

Short term: 
Long -term: 

Short-term: 
Long-term: 

No exposure 
Minimal exposure to air 
emissions 

No exposure 
Potential exposure to hydrogen 
peroxide if truck accident 

Short-term: No exposure 
Long-term: Potential exposure to spent 

carbon if truck accident 

Same as S-8 

Same as S-9 

• - • 

Over a 11 Rating 

Moderate 

High 

High 

Moderate 

High 
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Remedial Alternatives 

WESTERN AREA 

W-1: No action 

W-2: Alternate water supply/ 
water use restrictions 

,_. W-4: 
0 

Deep well extraction/carbon 
adsorption/river outfall 

W-5: Deep well extraction/ 
air stripping/river outfall 

W-6: Deep well extraction/ 
air stripping and carbon 
adsorption/river outfall 

6028a 

• - • 1111 1111 • • • • • • 
TABLE 5-2c (Continued) 

SUMMARY Of TECHNICAL FEASIBILITY EVALUATION 

Criterion 

Safety Consideration 

Worker Health and Safety 

Short-term: 
Long-term: 

No exposure 

N/A 
Exposure during sampling and 
analysis 

Safety Rating High 

Safety Rating High 

Short-term: No exposure 
Long-term: No exposure; more handling of 

spent carbon required 

Safety Rating High 

Short-term: No exposure 
Long-term: Potential exposure to water and 

minimal exposure to air emissions 

Safety Rating High 

Same as W-5 plus handling of spent carbon 
required 

Safety Rating High 

Neighboring facilities 
and COfllllun it i es 

N/A 
Same as S-1 

No exposure 

Same as S-4; more transport of 
spent carbon required 

Short-term: 
Long-term: 

No exposure 
Minimal exposure to air 
emissions 
Dilution of methylene 
chloride in river 

Same as W-5 plus transport of 
spent carbon required 

• • • 

Overall Rating 

High 

High 

Moderate 

Moderate 
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TABLE 5-2c (Continued) 

SUMMARY Of TECHNICAL FEASIBILITY EVALUATION 

(J1 

I 

W-7: 

Remedial Alternatives 

Deep well extraction/chemical 
oxidation/river outfall 

EASTERN AAEA 

E-1: No action 

~ E-2: Alternate water supply/ 
o.. water use restrictions 

E-4: 

E-5: 

6028a 

Ueep well extraction/carbon 
air stripping/river outfall 

Deep well extraction/ 
air stripping/river outfall 

Criterion 

Safety Consideration 

Worker Health and Safety 

Short-term: 
Long-term: 

Short-term: 
Long -term: 

No exposure 

Short-term: 
Long-term: 

Short-term: 
Long-term: 

No exposure 
Hydrogen peroxide is 
handled monthly 

Safety Rating Moderate 

N/A 
Exposure during sampling and 

Safety Rating High 

Safety Rating High 

No exposure 
Handing of much spent carbon 
required 

Safety Rating High 

No exposure 
Potential exposure to water and 
minimal exposure to air ernissions 

Safety Rating High 

Neighboring facilities 
and Co111Tiunities Overall Rating 

Short-term: No exposure 
Long-term: hydrogen peroxide is trucked 

monthly 

N/A 

No exposure 

Short-term: No exposure 
Long-term: More transport of spent 

carbon required 

Short-term: 
Long-term: 

No exposure 
Minimal exposure to air 
emissions 
Dilution of methylene chloride 
in river 

Moderate 

High 

t1oderate 

Moderate 

• 
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TABLE 5-2c (Continued) 
Slt1MARY OF TECHNICAL FEASIBILITY EVALUATION 

Remedial Alternatives 

E-6: Deep well extraction/ 
air stripping and carbon 
adsorption/river outfall 

E-7: Deep well extraction/chemical 
oxidation/river outfall 

6028a 

Criterion 

Safety Consideration 

Worker Health and Safety 

Same as E-5 plus handling of spent carbon 
required 

Safety Rating High 

Short-term: No exposure 
Long-term : Hydrogen peroxide is 

handled monthly 

Safety Rating Moderate 

Neighboring Facilities 
and COPIIIUn it ies 

Same as E-5 plus transport of 
spent carbon required 

Short-term: No exposure 
Long-term: Hydrogen peroxide is trucked 

monthly 

1111 1111 • 

Over a 11 Rating 

Moderate 

Moderate 
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Section 4.0. These concerns are divided into three categories as 

presented in Table 5-1: conformance to Applicable or Relevant and 

Appropriate Requirements (ARARs), permitting requirements, and 

community concerns. An overview of these three categories, starting 
with a detailed description of the ARARs, is presented first, follm·,ed 

by a preliminary evaluation of the remedial action alternatives with 
reference to these institutional concerns. 

5.3. 1 Conformance with Applicable or Relevant and Appropriate 
· Requirements (ARARs) 

In the 1985 revision of the National Contingency Plan (NCP) which 
implements CERCLA, specifically the section relating to Hazardous 
Substances Response (40 CFR 300, Subpart F), as well as the 1986 
amendments to CERCLA, great emphasis was placed on the way remedial 
actions taken under the CERCLA law should relate to other Federal and 
State laws. In most cases such remediation does not legally have to 

conform to other laws because CERCLA has pre-empted their application. 
Congress included this provision in the original CERCLA law (Pl 96-510, 

December 11, 1980) in order that conformance with various permitting 

requirements would not delay essential cleanup operations. Concern 

about the way EPA would use this power led in part to a law suit 

(Environmental Defense Fund v. EPA, No. 82-2234, D.C. Cir., Feb. l, 

1984) whose settlement pledged EPA to clarify its policy in this 
respect. This policy was developed and presented in the revision to 
the NCP in a way that has generated a new jargon expression: 
"applicable or relevant and appropriate requirements," or ARAR.s. 

Applicable requirements are those that would apply if CERCLA had not 

pre-empted them. As the name implies, the associated standards of the 
applicable regulations may be required; these requirements may be 
considered to be of primary importance. This policy insures that 

public health and the environment are protected from activities which 
are contracted by the government as strenuously as they are from the 
actions of private industry, even if the forms (of permits, etc.) are 
not followed to the letter. Thus, for example, in a Superfund-financed 

4258a 
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remedial action, such as could soon occur at the Colbert Landfill Site, 

a permit is not necessary for an outfall which discharges treated 
groundwater into the Little Spokane River because the National 
Pollution Discharge Elimination System (NPDES), though "applicable" to 
the outfall, has been preempted by the CERCLA law. Nevertheless, the 
intent of the regulation must be met so that levels of contaminant 
releases to the river are consistent with NPDES policy. 

Relevant requirements are those "designed to apply to problems 

sufficiently similar to those encountered" at the site even if they 
would not be legally applicable even without CERCLA preemption. Only 
those relevant requirements which are also appropriate for 
site-specific conditions were to be considered. The use of relevant 

requirements may be necessary in order to remediate a t1azardous 

condition which otherwise would not be regulated. The Federal Resource 

Conservation and Recovery Act (RCRA) is an example of a law that is 

"relevant and appropriate" to the Colbert Landfill Site. This law is 

not applicable because the site was never given "interim status" nor 

issued a permit to dispose of hazardous materials. Besides, the 

disposal of the hazardous materials, at least those which \-Jere knmm to 
have beerr placed in the landfill was apparently discontinued before the 
effective date of the RCRA regulations, November 19, 1980. Even though 
the RCRA law is not "applicable", its regulations are relevant to the 
site since the landfill is in effect a discrete hazardous waste 
facility which has groundwater contamination traceable directly back to 

it. It is very similar to a private hazardous waste disposal facility, 
subject to RCRA, which has allowed the release of waste organic 

solvents into the groundwater beyond its facility boundary. 

The Colbert Landfill Site, as an Superfund-financed remediation site, 
gets the full benefit of the CERCLA preemption of other environmental 

laws and permitting, although working out the legalities to implement 
this may be complicated if the remedial action is to be state-led 

rather than being conducted by EPA itself. As a result, the 
"applicable" requirements, as well as the "relevant and appropriate" 

ones, are necessarily Federal. Requirements which are "to be 

4258a 
5-63 
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considered'' include both Federal as well as all State laws and 

regulations. A list of potentially applicable or relevant and 
appropriate requirements taken from the NCP is presented in Appendix 

D. These and other laws, particularly those of Washington State, were 

reviewed during the development of alternatives and a selection ,,as 

made of those likely to be pertinent to the Colbert Landfill Site. 
These requirements originally presented in Section 3. 1. 1, are described 

in more detail here along with the reasons for their selection. 

Federal Laws and Regulations: 

o Resource Conservation and Recovery Act (RCRA) (42 USC 6901), 

Subtitle C: 

protection of groundwater (40 CFR 264, Subpart F) 

closure and post-closure of landfills (40 CFR 264, Subpart G) 

[Note: These are administered by Ecology under Dangerous Waste 

Regulations, WAC 173-303.] RCRA is pertinent because of the 
release of hazardous materials from a solid waste management unit 

(see previous page). 

o Safe Drinking Water Act (SOWA) (42 USC 300): 

4258a 

Drinking Water Standards (40 CFR 141), including both 
enforceable maximum contaminant levels (MCLs) and recommended 
maximum contaminant levels (RMCLs) for TCA, TCE, and DCE. 

MCLs and RMCLs for these compounds are proposed. 
Nevertheless, these and other health based levels may be 

required for both public water supplies and private wells. 

5-64 
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Underground Injection Control (UIC) Standards (40 CFR 146) 

[Note: UIC standards are administered by Ecology under WAC 
173-218.] These regulations govern the use of injection (or 
recharge) wells. 

o Clean Water Act (CWA) (33 USC 1251): 

National Pollution Discharge Elimination System (NPDES) 
(40 CFR 122) [Note: NPDES program is administered by Ecology 

under WAC 173-220.J These regulations govern point-source 
releases to surface water, such as outfalls to the river or 

creek. 

0 Clean Air Act (CAA) (42 USC 7401): 

National Emission Standards for Hazardous Air Pollutants 

(NESHAPs, 40 CFR 61). These govern the release to the 

atmosphere of hazardous pollutants; MC, PCE, and TCE are 
proposed additions to the list of hazardous air pollutants. 

o EPA Groundwater Protection Strategy (GWPS ) : 

4258a 

Groundwater Protection Guidelines. The GWPS attempts to make 
all of EPA's various regulations conform to a coherent 
approach in relation to groundwater problems. The most 
relevant aspect is the aquifer classification system and th e 
resultant protection guidelines. The groundwaters in the 
Colbert Landfill vicinity probably fall into the category of 

"current and potential sources of drinking water and other 

beneficial uses", or Class 2 groundwaters. To protect such 

waters, the guidelines state that they should be cleaned up to 
the drinking water MCLs or alternate concentration li1nits 
(ACLs) which are less stringent than the MCLs but will not 
pose a hazard to human health or the environment. 
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Washington State Laws and Regulations: 

o State Environmental Policy Act (SEPA) (WAC 197-11). · This law 

covers all actions which may have significant environmental impacts. 

o Dangerous Waste Regulations (WAC 173-303). These regulations 
pertain to hazardous waste, and generally parallel RCRA. 

o Solid Waste Handling Regulations (WAC 173-304). These regulations 
directly govern solid waste handling facilities such as municipal 
landfills. 

o Water Quality Standards (WAC 173-201 ). These standards apply to 
discharges to surface water systems. 

o State Waste Discharge Permit Program (WAC 173-216). These permits 
apply to discharges of waste water to groundwater. 

o Underground Injection Control (WAC 173-218). These regulations 

govern the injection of wastes into aquifers which are used for 
supply of drinking water. 

o State Water Code (RCW 90.03) and Water Rights (RCW 90.14). These 

laws govern the extraction of water (from surface or groundwater) 
for uses other than domestic consumption. 

o Protection of Withdrawal Facilities associated with Ground Water 
Rights (WAC 173-150). These regulations could be violated if an 
extraction well dried up the source of water for an existing water 
right. 

o Protection of Upper Aquifer Zones (WAC 173-154). These regulations 
govern aquifer systems where an upper aquifer can interact with 
lower ones or with surface waters. 
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o Water Pollution Control (RCW 90.48). This law authorizes the use 
of water quality regulations at hazardous waste sites. 

o Washington Department of Ecology Final Cleanup Policy (Technical 
Memorandum, effective date July 10, 1984). This policy dictates 
the level of clean up which should be attained at state-led 
remediation sites. 

These 1 aws and regulations wi 11 impact the various alternatives 

differently according to the features they include. Below are some of 

the particular significant features of regulatory concerns: 

o Extraction wells, which should take into account the water rights 

of neighboring residents wishing to continue using their wells 
(State Water Code). 

o Discharges to surfac~ waters, which should protect the water 
quality of the receiving stream (NPDES permits and Water Quality 
Standards). 

o Discharges to the aquifer, e.g. via drainfields, which could impact 
the quality of groundwater (State Waste Discharge Permits) . 

o Recharge wells (UIC regulations) . 

It must be recognized that the standards and regulations actually 
involved for the remediation at any site are subject to the discretion 

of the lead agencies. For this reason, the remedial alternatives are 
evaluated with respect to all pertinent federal, state, and local 

regulations. In the overall evaluation, qualitatively higher weighting 

is assigned to the applicable and relevant or appropriate requirements 

and lower weighting to the regulations to be "considered." Ratings of 
"low", "moderate", or "high" are then given on the basis of how well 
the alternative conforms to the standards of the ARARs and other 
regulations. 
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5.3.2 Permitting Requirements 

As discussed above, Superfund-financed remediation efforts do not 
require permits for compliance with Federal or State environmental 

regulations. This is mainly in order to prevent delays in implementing 

cleanup actions. However, the forms of compliance must still be 
followed and so a brief description of the permits and applications 

which could be required for the various alternatives is given here. 
Relevant permits and applications are described in more detail in the 
subsequent sections for specific alternatives. 

o State Environmental Policy Act (SEPA) Environmental Checklist, 
which may be used to decide whether an Environmental Impact 
Statement (EIS) or a Declaration of Non-Significance (DNS) should 

be issued for the choice of remedial alternative. This checklist 

is necessary no matter which alternative is chosen. It should be 

noted that, at least on a Federal level, an EIS is not required if 

the functional equivalence to the EIS is accomplished. This 
requirement has two aspects: environmental issues must be given an 
adequate consideration and the corm1unity must be involved 
sufficiently in the choice of remediation. However, if an EIS is 
required because functional equivalence is not attained and 
significant adverse impacts on the quality of the environment are 

anticipated, the information necessary for its preparation is 
already assembled in the RI/FS reports. 

o State Waste Discharge Permit (SWDP) for any discharges to the 

subsurface, such as by drainfields, 

0 National Pollution Discharge Elimination System (NPDES) Permit for 
disch~rges to surface waters, 

o Underground Injection Control (UIC) permit for "injection" wells, 
(Note: due to a state prohibition of injection wells for wastes 
there were no state permit applications or standards developed), 
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o Water Rights Permits for any extraction system, in this case for 
the use of extraction wel ls, 

o Air Emissions Permit for any facility which may emit air 

pollutants, in this case air strippers, 

o Building permits, as may be needed by county codes, and 

o Review and approval by Ecology of construction reports, plans, and 
specifications, for any treatment facility. 

A rating of "high", "moderate", or "low" is given to an alternative on 

the basis of how easy it would be to conform with the permitting 

procedures and standards as though all pertinent permits were required. 

5.3.3 Co111nunity Concerns 

The last aspect of institutional concerns involves the public and how 
acceptable the chosen alternatives might be to them. The following 

list of co111nunity concerns was developed based on meetings Ecology 
personnel have had with concerned citizens (Kraege 1986) and an 

investigation conducted by Hall and Associates (1986) to determine 
impacts on land use due to the remedial actions (Appendix E). This 

material may be greatly expanded in the Final FS Report to incorporate 
concerns expressed in the public meeting on this Draft FS Report. 

Public input to the selection process and general agreement on the 
chosen alternative is very important to the remediation effort. Belmt 
are the main issues that have been voiced concerning the Colbert 
Landfill Site: 

o Distrust that government wil 1 try to implement a "quick and dirty" 
cheaper solution to the contamination problem rather than a 
complete cleanup program; 
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o Health impacts of alternatives which involve continued exposure to 
contaminated water supplies, including generally the lack of 
adequate a·nd understandable heal th in format ion, assurance of 
frequent monitoring to detect arrival of contaminated water before 
significant health effects have occurred, uncertainty about the 
effects on children, and the use of the water for bathing, watering 
of horses, cooking, garden irrigation, and washing vegetables; 

o Perception of a "stigma" on the affected area by real estate agents 

and buyers, which may be making sale of properties in the area 
difficult, or reducing the price which can obtained; and 

o Dissatisfaction with public water supplies, due to inadequacy 

(especially low pressure) and cost (especially for agricultural or 
livestock purposes). 

These concerns are discussed in more detail for specific alternatives 

in the subsequent sections. A rating of "high", "moderate", or "low" 

is given based on the degree to which the alternative is likely to 

receive public acceptance. These ratings may be modified following 
public input before final selection of a particular alternative. 

5.3.4 Institutional Evaluation of Remedial Alternatives for Southern 
Area 

Alternative S-1: No Action 

o Conformance to ARAR 

The regulations identified to date which may pertain to this 

alternative are the following: 

Applicable Requirements 

Safe Drinking Water Act Maximum Contaminant Levels (MCLs): 
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The drinking water in wells downgradient from the landfill 

plume will become contaminated as the plume migrates. MCLs 

will be exceeded in water derived from public and private 

wells. 

Relevant and Appropriate Requirements 

RCRA Subtitle C requirements for protection of groundwater: 

Colbert Landfill can be considered similar to a hazardous 
waste facility which has released hazardous contaminants into 

the groundwater beyond its facility boundary. Such releases 
trigger a "corrective action program that prevents hazardous 

constituents from exceeding their respective concentration 

limits at the compliance point by removing the hazardous waste 

constituents or treating them in place" (40 CFR 264.lOO(b)). 

(These requirements are further described at 40 CFR 264, 

subpart F and WAC 173-303-610). 

To Be Considered 

4258a 

EPA Groundwater Protection Strategy: 

With no action, the levels of contamination in the ground\1ater 

exceed limits based on human health impacts; such exceedances 

are inconsistent with the groundwater protection strategy. 

Washington State Environmental Policy Act (SEPA): 

Significant impacts are anticipated with the no-action 
alternative, primarily with respect to groundwater degradation 
and adverse human health impacts. Projects resulting in 

significant impacts generally require a SEPA evaluation and 

may additionally require preparation of an EIS and mitigative 

actions. Thus the no-action alternative does not comply witn 

the intent of SEPA regulations. 
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Washington State Dangerous Waste Regulations, Ground Water 

Protection (WAC 173-303-645): 

The language of these regulations regarding groundwater 
protection is very similar to the Federal RCRA and the 
alternative does not comply with the state regulations for the 
same reasons as above. Hereafter, then, groundwater 

protection pursuant to the state dangerous waste regulations 

is not discussed. 

Ecology Final Cleanup Policy: 

The Standard Background Cleanup Level for Groundwater at 

State-Led Remedial Action Sites is the Drinking Water 
Standard. If no a~tions are performed, drinking water MCLs 

are exceeded. If drinking water standards are shown to be not 
achievable or appropriate to the site then Protection Cleanup 

Levels are used, defined as acceptable concentrations for 
receptors. Based on the Risk Assessment levels (Appendix A), 

use of the no-action Alternative S-1 exposes the population to 
dangerous levels of contamination. Thus, the intent of this 

policy is not met. 

Protection of Withdrawal Facilities associated with Ground 
Water Rights (WAC 173-150): 

Some of the wells which would become contaminated if this 
alternative were chosen serve a number of households, and 
therefore a ground water right has been obtained. Section 

173-150-100 declares that beneficial use of the water is one 

element of this right. Because contamination of the public 

wells impairs their beneficial use, this right is denied. 
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Alternative S-1 does not meet the intent of any of the mentioned 
regulations, laws, and policies primarily because of the continued 
exposure of the public to drinking water contaminated above MCL 

standards. The regulatory conformance rating is low. 

o Permitting 

Information necessary to prepare a SEPA environmental checklist and 

probably an EIS would be required to meet the intent of this law. 

Because the impacts of no action are expected to be significant and 
adverse and are not mitigated, Alternative S-1 is not consistent 

with the permitting requirements of the EIS process. 

o Community Concerns 

Choice of this alternative would not alleviate community concerns 
regarding the residents health. Persons using well water would be 

advised of contamination based on the results of the monitoring 

plan, but would be responsible for judging its safety, and 

obtaining a safe source of water. These conditions would be highly 
unsatisfactory to most residents; thus, the community concerns 

r at i n g i s 1 ow • 

Based on the low evaluations for each category presented above, the 

overall institutional requirements rating for Alternative S-1 is lm1. 

Alternative S-2: Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

The regulations identified to date 1~hich may pertain to this 
alternative are the following: 

Applicable Requirements 

SOWA: Maximum contaminant levels (MCLs ) : 
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By supplying all residents in the southern area with safe 
drinking \,ater from outside, the Safe Drinking Water Act 1-li 11 

be adhered to. 

Relevant and Appropriate Requirements 

RCRA, protection of groundwater: 

This alternative does nothing to address contamination in the 

groundwater, and so does not conform to the RCRA regulations 
to protect groundwater. It does protect public health 

however, and so cine intent of the groundwater protection 

regulations is met. 

To Be Considered 

4258a 

EPA Groundwater Protection Strategy: 

Insofar as affected residents are provided with a safe source 
of water, the intent of this policy is met. Although human 

health is protected, the groundwater contamination is not 

treated and its migration to other areas and surface \later is 
not controlled. Therefore, Alternative S-2 is only partially 

consistent with the groundwater protection strategy. 

Ecology Final Cleanup Policy : 

As for alternative S-1, failure to clean up the groundwater is 
inconsistent with the Cleanup Policy. If it is determined 

that drinking water standards are not achievable or 
appropriate to the site, then the protection cleanup levels 

may be used which call for acceptable concentrations for 

identified receptors. Because people are the receptors at 

this site, by assuring that all residents receive clean water 

Alternative S-2 is in conformance. 
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Protection of Withdrawal Facilities associated with Ground 
Water Rights (WAC 173-150) 

Lack of protection of groundwater quality for water rights 
holders is inconsistent with this state regulation. 

Because of the only partial conformance with groundwater protection 

regulations despite the fact that human health is protected, the 

conformance of Alternative S-2 to pertinent regulations is rated 

moderate. 

o Permitting Requirements 

The use of this alternative would result in minor human health 
impacts but in significant impacts to groundwater resources . Most 

situations producing these effects would require a SEPA review 
process and potentially require an EIS. However, because human 

health is less an issue with provision of an alternate water 
supply, the review process would be less involved than if public 

health was inmediately compromised. Therefore, a moderate rating 
is given. 

o Community Concerns 

This alternative addresses the corrmunity desire for a reliable 

source of safe drinking water. Costs associated with hookups and 
the provision of water from a utility may be directly borne by some 

residents and result in dissatisfaction. The lack of groundwater 
treatment or plume migration control may be perceived as an 

inadequate solution and a loss to those wishing to remain on well 
water. A moderate rating is assigned, as some, but not all, 

community concerns are addressed. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative S-2 is moderate. 
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Alternative S-4: Deep Well Extraction/Carbon Adsorption/Creek 

Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

The regulations identified to date which may apply to this 

alternative are the following: 

Applicable Requirements 

SOWA: Maximum contaminant levels (MCLs): 

By protecting the drinking water supplies of residents in the 

southern area from contamination and by providing water 

through a public supply system as necessary, all residents 

will be assured safe drinking water that .meets the MCLs for 
a 11 the contaminants, so the Safe Drinking Water Act wi 11 be 

adhered to. 

Relevant and Appropriate Requirements 

RCRA, protection of groundwater: 

By pr~venting the spread of contamination into new areas of 

ground\Jater, the intent of RCRA to protect the "off-site" 

migration of contamination is met. Contaminated groundwater 
within the existing plume is treated as it migrates to the 
wells, but is not immediately remediated. 

To Be Considered 

4258a 

EPA Groundwater Protection Strategy: 

By remediating the groundwater at the extraction wells to MCL 

levels, this Alternative complies with the GWPS. Ground\Jater 

within the existing plume is treated to MCLs only as it 

migrates to the wells. 
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Ecology Final Cleanup Policy: 

By cleaning up the groundwater, at least in the area of the 

interception system, to MCL levels, the Standard/Background 

Level for final cleanup is achieved. Contaminated groundwater 

exceeding the MCLs remains on site upgradient of the 

interception system until it mi grates to the wells. Al though 
all the contaminated water is not treated to MCLs as quickly 
as is possible, this level of treatment is ultimately attained. 

Protection of Withdrawal Facilities associated with Ground 
\~ater Rights (WAC 173-150 ·): 

By protecting the groundwater quality for water rights 
holders, Alternative S-4 complies with this state regulation. 

There is some possi bi 1 i ty that extracting the \'later and 
returning it to surface water (Little Deep Creek) rather than 

to the groundwater could deplete water supplies in wells 
immediately downgradient. The best estimate at this time, 
based on the groundwater modeling (Appendix C), is that ample 
water supplies would be available and would not affect current 

use, so that compliance with the regulation is full. Because 
of the generally complete conformance with groundwater 

protection regulations by preventing the further spread of 
contamination beyond the present area and treating the water 

to MCLs, the conformance of Alternative S-4 to pertinent 
regulations is rated high. 

o Permitting Requirements 

For Alternative S-4, as for all the other alternatives, a SEPA 
finding may be made for this alternative. Because virtually all 
environmental and human health impacts are mitigated by remediating 
the groundwater, it is anticipated that no study of the 

consequences of this alternative would be necessary. The 

additional facilities would ordinarily require the application for 
several permits, including Water Rights for the extraction well, 
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National Pollution Discharge Elimination System (NPDES) Permit for 

the river outfall, and building permits for all facilities. It is 

calculated that about 25 kg per montll of chlorinated compounds will 

be extracted, which is less than the 100 kg per month Small 

Quantity Generator Limit for hazardous waste generation. 
Exceedance of this limit requires that a generator number be 
obtained and the wastes manifested during transport. The intent of 
the applicable permits is fairly simple to meet, so the ease of 
permitting is rated high. 

o Community Concerns 

This alternative provides safe drinking water and protects 

uncontaminated groundwater and would likely satisfy community 
concerns regarding water supplies. There may be minor concerns 
about the esthetics of the above ground structures or the easement 

on land necessary to install the extraction or treatment systems. 
Behind the plume, contaminant concentrations will remain high for 
the foreseeable future and will continue to inconvenience residents 

in that area, although water supplies from the Whitworth Water 

District will be available. Despite these minor drawbacks, 

Alternative S-4 generally addresses all community concerns and 
therefore receives a high rating. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative S-4 is high. 

Alternative S-5: Deep Well Extraction/Air Stripping/Creek 

Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Because Alternative S-5 differs from the previous alternative only 
in that an air stripping facility replaces the carbon adsorption 
facility, most of the pertinent regulations are common to both 
alternatives. Specifically, drinking water ~Cls, RCRA groundwater 
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protection, the EPA GWPs, Ecology's Cleanup Policy, and water 
rights are applicable and equivalently satisfied. Provisions of 
the Clean Air Act may pertain to air stripping. 

Applicable Requirements 

Clean Air Act (NESHAPs): 

The use of air stripping is an example of 11 cross media 

transfer 11 of contaminants, in this case from the groundwater 
to the air. The emissions will be low, however (see Appendix 
F), and they will be in an area which can easily disperse the 
contaminants to prevent any hazard, so this alternative 
generally conforms to the requirements of the Act. 

Because the intent of pertinent regulations is met as discussed for 
the most part in Alternative S-4, and air pollutant emissions are 

very low, a high rating is given on the conformance criterion. 

o Permitting Requirements 

This alternative would have most of the same permitting 
considerations as Alternative S-4 except that air permitting 

regulations may be addressed in this case. It is anticipated that 

a review of policy concerning emissions of small quantities of 

hazardous substances and cross-media transfer may be necessary. 
Nonetheless, this alternative is consistent with the permitting 

requirements. A moderate rating is given, due to potential issues 

arising from air emissions of low levels of contamination. 

o Community Concerns 

The community concerns regarding water supplies are generally 
addressed to the same degree as with Alternative S-4, although the 
esthetics of a stripping tower might be more negative than the 
smaller structures for carbon adsorption, and there may be concerns 
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about contaminant releases to the air. Nevertheless, the overall 

effect on groundwater contamination is essentially equivalent, and 

the rating is high, as was discussed. 

Based on the evaluations presented above, the overall institutional 

requirements rating for Alternative S-5 is high. 

Alternative S-6: Deep Well Extraction/Chemical Oxidation/Creek 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative S-6, in which chemical oxidation is used to treat the 
groundwater, is equivalent to the previous two alternatives in 
meeting pertinent groundwater standards and policies. An 

attractive feature of chemical oxidation is that the contaminants 
are destroyed in the treatment, ,rather than being transferred to 
another medium such as air or carbon . This conforms to the 
regulatory preference for "permanent" solutions such as is 
expressed in the NCP (40 CFR 300.68(a)(l) and 300.68(h)(2)(v)) and 
the 1986 amendments to CERCLA (PL 99-499, Section 12l(b){l )). A 
high rating is given. 

o Permitting Requirements 

0 

This alternative would be required to meet the intent of the same 
permits applicable to Alternative S-4 . No hazardous wastes are 

generated using this alternative, so hazardous waste regu l ations do 
not apply. A high rating is assigned, as there are no foreseeaole 

conflicts with permitting requirements. 

Community Concerns 

The remediation provided by this alternative is essentially 

equivalent to that of the previous alternatives in that further 

contamination migration is prevented and the groundwater is 
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treated. It is expected, therefore, that most residents' concerns 
will be addressed. Possible objections include the transport of 
hydrogen peroxide if this treatment system is used. Nevertheless, 
a high rating is given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative S-6 is high. 

Alternative S-7: Deep Well Extraction/Carbon Adsorption/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Because this alternative differs from Alternative S-4 only in that 
a drainfield is used instead of a river outfall, the conditions of 
permits applicable to a drainfield are discussed instead of NPDES 
related requirements. Otherwise, the same groundwater-related 
standards and policies are met. 

4258a 

State Waste Discharge Permit Program 

The use of a drain field instead of an outfall to Little Deep 
Creek excludes NPDES permitting requirements but will require 
consideration of the SWDP conditions. Contaminants in the 
treated water will be present at concentrations less than 1 
µg/1, so the design should comply easily with this 
regulation. In addition, the return of the clean water to the 
ground via a drain field will remove the concern that 
downgradient wells could be depleted. 

Because th~ intent of pertinent regulations is met, this 

alternative receives a high rating. 
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o Permitting Requirements 

This alternative would require examination of the same permitting 
requirements as Alternative S-4 except that, the conditions of a 
SWD permit must be met instead of a NPDES permit. As indicated 
above, there would be little difficulty with meeting conditions of 
this and other permits, and so the rating on this criterion is high. 

o Community Concerns 

The community concerns regarding safe water and contamination 
remediation are addressed to the same degree as in Alternative S-4; 
minor concerns with the esthetics of the structures and the 
acquisition of easements may arise. A high rating is given. 

Based on the evaluations presented above, the overall institutional 
rating for Alternative S- 7 is high. 

Alternative S-8: Deep Well Extraction/Air Stripping/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative S-8 conforms to the same regulations as does 

Alternative S-5, except that the State Waste Discharge Permit 
Program must be considered when using a drain field instead of an 
outfall. Since air stripping will produce an effluent with less 
than 1-2 µg/1 of contaminants, the permitting standards will likely 
be met. The use of the drain field, which replaces the extracted 
groundwater, ensures that downgradient wells will not be depleted. 
A high rating on the conformance criterion is given since standards 
pertaining to groundwater and air emissions will likely be attained. 
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o Permitting Requirements 

This alternative would require consideration of the same permitting 
requirements as Alternative S-5 except that instead of an NPDES 
permit, a SWD permit must be considered. As discussed previously, 
there would be little difficulty in meeting the requirements of 
this permit. A moderate rating is given to this alternative, due 
to potential complications involved with air emissions policies. 

o Community Concerns 

The community concerns regarding safe drinking water, treatment of 
groundwater, and prevention of further contamination are addressed 
to the same degree as in Alternative S-5. Minor complaints 
relating to facility siting and obtaining easements may arise. The 
rating is high. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative S-8 is high. 

Alternative S-9: Deep Well Extraction/Chemical Oxidation/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative S-9 conforms to the same policies and regulations 
pertaining to groundwater treatment as does Alternative S-6 above, 
except that the State Waste Discharge Permit Program must be 
considered when using a drain field instead of an outfall to Little 
Deep Creek. Chemical oxidation produces an effluent with 
contaminant levels at less than 1 µg/1, so standards of the SWD 
permit are likely attained. The return of the clean water to the 
ground, via a drain field, will remove the concern that 
downgradient wells could lose water. 
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Because conditions of the pertinent regulations and policies are 

attained, its rating on the conformance criterion is high. 

o Permitting Requirements 

This alternative would require addressing the same permitting 
requirements as Alternative S-6 except that instead of an NPDES 

permit, a SWD permit must be considered. As indicated above, there 
should be little problem \iith SWD permitting or other permits and 

the alternative's rating on this criterion is high. 

o Community Concerns 

The community concerns regarding safe drinking water, prevention of 

contaminant migration to other areas, and treatment of groundwater 

are addressed as discussed in Alternative S-6. Objections related 
to the siting of the facility and the acquisition of easements are 
judged to be minor, and transport of hydrogen peroxide, if that 
option is used, may be unsatisfactory to some. Nonetheless, a high 
rating is given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative S-~ is high. 

Alternative S-10: Deep Well Extraction/Carbon Adsorption/Recharge 

Wells/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative S-10 addresses the standards of the same regulations as 
does Alternative S-4 above, except that regulations applicable to 

underground injection wells must be included and those pertaining 

to the creek outfall are irrelevant. 
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Applicable Requirements 

Underground Injection Control (UIC) standards 

Federal law applicable to underground injection at NPL sites 
has been specifically addressed in a 1984 revision of the UIC 
regulations (40 CFR 144.13(c)): 

"(c) wells used to inject contaminated groundwater that 
has been treated and is being reinjected into the same 
formation from which it was drawn are not prohibited by 
this section if such injection is approved by EPA 
pursuant to provisions for cleanup of releases under 
[CERCLA]." 

Carbon adsorption treatment will remove the contaminants to 
less than 1 µg/1. Use of recharge wells replaces the 
extracted groundwater and the injected water adds an 
additional barrier to prevent plume migration. Thus, the 
impacts of using recharge wells are beneficial and should not 
be classified as hazardous waste injection. 

To Be Considered 

4258a 

Underground Injection Control (WAC 173-218) 

The use of recharge wells will require consideration of the 

UIC regulations in the State of Washington. Even though 
reinjection is a common method of restoring groundwater after 
it is cleaned up, there are potential conflicts with the UIC 
regulations in the Washington Administrative Code, Section 
173-218. According to the definitions given in the section, 
the recharge wells proposed for the Colbert Landfill Site are 
injection wells, but it is unclear whether they are Class I 
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(waste fluids injected near drinking water sources) or Class V 
(otherwise unclassified wells). Either way, however, the wells may 
be prohibited by the regulation. 

A possible method of avoiding the problems of the state's general 
prohibition of underground injection is to consider the whole 

system as a "closed loop" system which brings the material to the 

surface only as a convenience instead of conducting the entire 

treatment operation in-situ. In this way of thinking, the effluent 

which is used for recharge is not a waste material but a portion of 

the process, as the recharge enhances the cleanup. An agency 

decision on the interpretation of underground injection regulations 
would be necessary prior to using recharge wells. 

Because of the potential difficulty in approving the use of 

recharge wells due to existing state regulations, the rating of 
Alternative S-10 on the conformance criterion is moderate. 

o Permitting Requirements 

Alternati ve S-10 would have the same permitting considerations as 

Alternative S-4 except that, instead of meeting NPDES permit 
provisions, UIC permit conditions must be addressed. As indicated 
above, the use of recharge wells for treated water may be 
prohibited by state regulations. Therefore, a low permitting 
rating is given. 

o Commun i ty Concerns 

The community concerns are addressed to the same degree as in 

Alternative S-4. The use of recharge wells does not alter t he 

attainment of remedial objectives, so this alternative will 
probably be equally acceptable. Because most anticipated community 
concerns are addressed, the rating is high . 

4258a 
5-86 

_J 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Based on the evaluations presented above, the overall institutional 

requirements rating for Alternative S-10 is moderate. 

Alternative S-11: Deep Well Extraction/Air Stripping/Recharge 
Wells/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative S-11 involves most of the same regulations as does 

Alternative S-5, and the reader is referred to that alternative. 
The previous discussion regarding underground injection control 
(UIC) standards pertains here instead of the NPDES considerations 

in Alternative S-5. Because of the potential difficulties with the 
legal acceptability of the recharge wells, this alternative 

receives a moderate rating. 

o Permitting Requirements 

The notable exceptions to meeting the requirements of all 

applicable permits discussed in Alternative S-5 are the potential 

complications regarding air emissions and the use of recharge 

wells. It is anticipated that delays might occur due to policy 

decisions, so a low rating for permitting is given. 

o Community Concerns 

The conmunity concerns are addressed to the same degree as 
Alternative S-5. The use of recharge wells does not affect the 
attainment of remedial objectives and so will probably not make a 
difference in the acceptability of the two. Siting of the 
treatment facilities and acquisition of easements may raise some 

. 
objections. Because the concerns of most residents l'lill be 
addressed, the rating is high. 
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Bas·ed on the evaluations presented above, the overa 11 institutional 
requirements rating for Alternative S-11 is moderate. 

Alternative S-12: Deep Well Extraction/Chemical Oxidation/Recharge 
Wells/Alternate Water Supply/Water Use Restrictions 

0 Conformance to ARAR 

Most of the same regulations which applied to Alternative S-6 apply 

to this alternative, since the only difference is the use of 
recharge wells instead of an outfall. Thus, NPDES considerations 

are no longer relevant and UIC standards now pertain. As has been 

discussed, complications arise only with the use of the recharge 

wells and the potential conflicts \/ith state policies. A moderate 

rating is given. 

o Permitting Requirements 

This alternative would have to meet the same permitting conditions 

as Alternative S-6 except that, instead of NPDES standards 
applying, UIC policies pertain. Because of the state prohibition 
of certain classes of injection wells, the rating of Alternative 
S-12 on the permitting criterion is low. 

o Community Concerns 

Safe water supplies are assured and the contaminated water is 

intercepted and treated in this alternative. Community concerns 

regarding these issues are therefore addressed. Some concern may 

be expressed regarding the potential transport of hydrogen peroxi de 
and the siting of the wells and treatment facility, but overall, 

this alternative is anticipated to be acceptable to residents, and 
a high rating is given. 
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Based on the evaluations presented above, the overall institutional 

requirements rating for Alternative S-12 is moderate. 

5.3.5 Institutional Evaluation of Remedial Alternatives for Western 

Area 

Alternative W-1: No Action 

o Conformance to JlRAR 

Alternative W-1 is virtually identical to Alternative S-1 in regard 

to regulations; only the location of the system is changed. As a 
result, all the ARJ1Rs addressed by Alternative S-1 also are 
applicable or relevant and appropriate for this alternative. It is 
anticipated that Alternative W-1 will also be unable to attain or 
exceed regulatory standards and policies applicable to contaminated 
groundwater, primarily because of the continued and increased 
exposure of the public to drinking water contaminated above MCL 
standards. The alternative would also not achieve EPA GWPS or 
Ecology Protection Levels for the water. The ARAR conformance 

rating is low. 

o Permitting Requirements 

As is the case with the No-action Alternative for the southern 
area, allowing the contaminant plumes to continue migrating and nut 
providing an alternate source of water may be interpreted as 
significant adverse impacts to human health and the environment. 
Thus, the conditions of an EIS requiring mitigation of adverse 
impacts would not be met. A low rating is given. 

o Community Concerns 

Because a safe source of drinking water would not be available to 
residents in the western area, and because the conta1ninated 
groundwater is in no way controlled or treated, residents wou l d be 

4258a 
5-89 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

personally responsible for obtaining safe water supplies. Few 

residents are likely to accept this consequence, and a low rating 
is assigned. 

aased on the evaluations presented above, the overall institutional 
requirements rating for Alternative W-1 is low. 

Alternative W-2: Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

The regulatory standards pertinent to the provision of an alternate 
source of water without treating the groundwater are discussed in 

detail in Alternative S-2. Briefly, RCRA and EPA groundwater 
protection policies and Ecology's Final Cleanup Policy are not 1net 

since groundwater \'lith containination exceeding MCLs continues to 
migrate. However, safe drinking water is provided, so SOWA MCLs 

are attained for public water supplies. The Water Rights of 
impacted holders are not met since the groundwater quality is 

degraded. Because a safe source of water is supplied, but because 
standards related to groundwater are not met, a moderate rating is 

assigned. 

o Permitting Requirements 

The permitting process related to use of this alternative is the 
SEPA review. Generally, an environmental checklist is required and 

perhaps the preparation of an EIS. Thus a study of the i1npacts of 

this alternative may be necessary. As this may be fairly involved, 

a moderate rating is given. 

o Community Concerns 

A safe source of drinking water is supplied in the western area, 
addressing health concerns associated with exposure to contaminated 
groundwater. As costs for water above those previously pa id rnay be 
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incurred by some residents, objections may be raised. There may 
also be dissatisfaction with the lack of treatment of the 
groundwater and the loss of the use of private wells. As there are 
both positive and negative community impacts, a moderate rating is 
given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative ~-2 is moderate. 

Alternative W-4: Deep Well Extraction/Carbon Adsorption/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative W-4 is similar to Alternative S-4, except for the 
difference of geographic area in which the remediation is being 
applied. The applicable regulations are described under 
Alternative S-4. Groundwater contamination migration is halted and 
the water is treated to MCLs. Thus, the federal and state 
groundwater protection standards are attained. Water supplies in 
the western area do not become contaminated; therefore, the water 
quality provisions of the SOWA and Water Rights laws are met. As 
all the above regulations are met, a high rating is assigned. 

o Permitting Requirements 

Permitting requirements are similar to those for Alternative S-4. 
Conditions of an NPDES permit for the river outfall would likely be 
met, as residual contamination would be less than 1 ug/1. The 
installation of the extraction wells and construction of the 
facility must be consistent with water rights laws and land use and 
building permits; no difficulties are expected. Approximately 450 
kg per month of contaminants will be adsorbed onto the activated 
carbon. If such treatment is classified as hazardous waste 
generation, conditions pertinent to Small Quantity Generators 
apply, so a waste generator number is necessary along with proper 
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manifesting during shipment of spent carbon. Treatment or disposal 
of spent carbon must be consistent with hazardous waste regulations 

if it is classified as hazardous waste. Overall, little difficulty 
is seen with meeting permit conditions; the need to meet hazardous 
waste permit terms, however, results in a moderate rating. 

Community Concerns 

Community concerns regarding safe drinking water are addressed by 
preventing the contamination of wells in the western area. 
Furthermore, since groundwater contamination is treated, the 
remediation is essentially comprehensive. Little complaint is 
expected with siting the wells, treatment facility, and river 
outfall, as these would be located away from easy viewing and few, 
if any, easements on personal property would be necessary. Thus, a 
high rating is given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative W-4 is high. 

Alternative W-5: Deep Well Extraction/Air Stripping/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative W-5 is similar to Alternative S-5, except for the 
difference of geographic area in which the remediation is being 
applied and potential difficulties in removing methylene chloride. 
Water quality downgradient of the existing plume is protected so 
that regulations pertinent to protecting drinking water supplies 
are met. Air stripping may not remove methylene chloride below 
about 6 ug/1 {99 percent removal), which is slightly above the 
recommended MAC value of 2.5 ug/1. However, other contaminants are 
removed to below MCL concentrations or MAC values. Furthermore, 
upon discharge of the treated water to the Little Spokane River, 
the residual methylene chloride would be diluted by at least a 
factor of 20 to 1 even during drought flows in the river, to a 
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river, to a level well below the MAC value, and would be reduced 
even further by subsequent natural volatilization from the river. 
Air stripping discharges proposed hazardous air contaminants, but 

at levels several orders of magnitude lower than OSHA 8-hour 
exposure limits. Otherwise, the ARARs addressed are met as 
described under Alternative S-5. Most standards are met, and 
although methylene chloride may not be adequately removed, the 
effluent is adequately diluted so the conformance rating is high . 

o Permitting Requirements 

Generally, the conditions of applicable permits are met by use of 

this alternative. Contaminants are adequately removed so that the 
discharge limits designated under NPDES would be attained. Land 
use, building, and related permits have no provisions which cannot 
be met. However, air emissions policy decisions regarding 
cross-media transfer of the contaminants frpm water to air may 

complicate use of this alternative. Therefore, a moderate rating 
for the permitting criterion is given. 

o Conmunity Concerns 

Thi s alternative has the same overall effect as the previous 

alternative in protecting groundwater and thereby meeting community 
concerns. The same high rating is given. 

Based on the evaluations presented above, the overall institutional 

requirements rating for Alternative W-5 is moderate. 

Alternative W-6: Deep Well Extraction/Air Stripping and Carbon 

Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative W- 6 is essentia l ly the combination of the technologies 
of the previous two alternatives, so regulations pertinent to 
groundwater, carbon adsorption, and air stripping are involved. 
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The plume interception is equivalent, so groundwater protection 

regulations are met. In addition, the combined treat~ent would 
remove the six contaminants to below their MCL or MAC values, in 
conformance with cleanup criteria under SOWA and Ecology's Cleanup 
Policy. Air stripping releases proposed hazardous air pollutants, 

but in very low amounts. If spent activated carbon is considered 
hazardous waste, an estimated 30 kg per month of waste (chlorinated 
hydrocarbon solvents) is generated. This amount is below the 100 

kg per month quantity exclusion level, so a hazardous waste 
generator number and manifesting requirements may not be 
necessary. overall, conditions of the pertinent regulations are 
met, so a high rating is given for this criterion. 

o Permitting Requirements 

Permitting requirements are simflar to those that would be 
encountered for Alternatives W-4 and W-5. As discussed, conditions 
of most of the permits would likely be met, except for potential 
conflicts between emissions of air contaminants and air pollution 
policy. A moderate rating is given. 

o Community Concerns 

This alternative should have the same impact on the colltTlunity as 
Alternatives ~-4 or W-5 do, since the processes and results are 
similar, and is expected to be satisfactqry to the public. 
Alternative W-6 has a high rating in regard to the criterion. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative W-6 is high. 
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Alternative W-7: Deep Well Extraction/Chemical Oxidation/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

0 

Alternative W-7 is subject to the same groundwater, drinkin~ water, 
and discharge regulations previously discussed; because plume 

migration is halted and water is treated such that residual 
contaminant concentrations are below MCL and MAC values, the 
regulations and policies are met. All the contaminants are 
destroyed by the chemical oxidation processes, so concerns with 
hazardous waste generation and transport and with air emissions are 
eliminated. A high rating is given due to the attainment of 
applicable standards. 

Permitting Requirements 

The pertinent permitting considerations include compliance with 
building and land use permitting requirements. In addition, 

requirements associated with design of the treatment facility, 
water rights, and NPDES regulated discharges must be addressed. 
However, no complications are foreseen, because construction and 
land use would be consistent with the conditions of the existing 
requirements and the water discharge would contain undetectable 
levels of contaminant . . Thus, a high permitting rating is given. 

o Community Concerns 

The same remedial objectives are attained in this alternative as in 
the previous three alternatives, specifically the prevention of 
plume migration to private and purveyor wells, and the treatment of 
groundwater . Concern may be expressed regarding the transport of 
hydrogen peroxide, if this option is used. Concerns with siting 
the faci l ity and wells are expected to be minor. A high rating i s 
given . 
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Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative W-7 is high. 

5.3.6 Institutional Evaluation of Remedial Alternatives for Eastern 
Area 

The alternatives proposed for use in the eastern area are the same as 
those for the western area. However, the situation is different in 
that the plume is not expected to migrate extensively beyond its 
existing boundaries in the eastern area, and groundwater extraction 
here cannot possibly prevent all continued migration of the plumes. 
Therefore, plume migration must and has been considered in the western 

and southern areas. Also, treatment of contamination in the eastern 
area represents source control for the Colbert Site. Another 
difference is that the Colbert Extension already provides an alternate 
source of water. Thus, regulations are directed more towards source 
control and groundwat~r as a resource than as a drinking water supply 
than was previously the case. The following discussions reflect this 
change in emphasis and rankings. 

Alternative E-1 : No Action 

o Conformance to ARAR 

Applicable Requirements 

4258a 

Safe Drinking Water MCLs: 

The Safe Drinking Water MCLs may apply in cases of private 
wells and the well serving Wahoo Addition which may become 
contaminated. MCLs would be exceeded in a small number of 
wells. 
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Relevant and Appropriate Requirements 

RCRA Subtitle C requirements for protection of groundwater 

This requirement pertains in this area because the 
contamination has escaped the facility boundary. Thus 

treatment of the groundwater may be appropriate, and the 
alternative does not conform with this regulation. 

To Be Considered 

4258a 

EPA Groundwater Protection Strategy 

In the absence of alternate water supplies to some residents 

of this area who may be affected as the plume extends slightly 
beyond present boundaries, the groundwater becomes a hazard to 
human health; therefore the appropriate cleanup level is the 

MCLs, rather than some alternate concentration level (ACL). 
Thus, Alternative E-1 is not in compliance with the GWPS. 

Washington State Environmental Policy Act (SEPA} 

Because of the impact to the health of residents in this area, 

this alternative contradicts SEPA in that adverse impacts are 
not mitigated. 

Ecology Final Cleanup Policy 

The Standard/Background Cleanup Level for Groundwater is the 
Drinking Water Standard. This level is clearly exceeded, as 
the less stringent alternate concentration limit (ACL) must, 
at a minimum, protect human health. Alternative E-1 is 
inconsistent with this Policy because the population rnay be 
exposed to dangerous levels of contamination. 
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Alternative E-1 would be unable to attain or exceed ARARs primarily 
because of the continued exposure of the public to drinking water 
contaminated above MCL standards and MAC values. The alternative 
would also not achieve EPA GWPS or Ecology Protection levels for 

the water due to the same reason. The ARAR conformance rating is 

low. 

o Permitting 

Conditions of a SEPA environmental checklist and possibly an EIS 
would have to be addressed. As potential serious public health 
impacts are anticipated, no remedial actions are performed, tne 
intent of SEPA to mitigate adverse impacts is not met. A low 
rating is given. 

o Community Concerns 

Use of this alternative does not address the most significant 
community concerns regarding safe drinking water supplies and the 
presence of contaminated groundwater. Therefore, a low rating is 
assigned. 

Based on the evaluations presented above, the overall institutional 

requirements rating for Alternative E-1 is low. 

Alternative E-2: Alternate Water Supply in the Eastern Area/Water Use 
Restrictions 

o Conformance to ARAR 

Applicable Requirements 

4258a 

SOWA: Maximum contaminant levels (MCLs): 

By supplying all residents in the Eastern area with safe 

drinking water from outside, the Safe Drinking Wat~r Act will 
be adhered to. 
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Relevant and Appropriate Requirements 

RCRA, protection of groundwater: 

As discussed under Alternative E-1, this alternative does 
nothing to address the problems of contamination in the 
groundwater, and so does not conform fully to the requirements 
of RCRA protection of groundwater. The fact that the 
alternative does protect public health, however, weighs 
heavily and so the conformance could be considered very nearly 
complete. 

To Be Considered 

4258a 

EPA Groundwater Protection Strategy: 

Since residents in the eastern area would not be exposed to 
contaminated groundwater because of the provision of alternate 
water supplies, there is no direct hazard to human health; 
thus an alternate concentration level (ACL) could be 
established for this portion of the site and cleaning up to 
drinking water quality (MCLs) could be avoided. The policy on 
ACLs is not \1ell established and has recently been modified by 
the rene\1al of CERCLA (Superfund), but these changes have not 
yet been promulgated as regulations. There are still 
considerable questions about what conformance level 
Alternative E-2 must meet to comply with the GWPS. 

Washington State Environmental Policy Act (SEPA) 

Because of the lack of direct environmental or human nealth 
impacts in the eastern area, use of this alternative does not 
conflict with SEPA. 
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Ecology Final Cleanup Policy 

As for Alternative E-1, failure to clean up the groundwater 
conflicts with the Cleanup policy. Here, hoHever, it may be 

possible to show that the standard is not achievable or 

appropriate to the site. If this is so, then the protection 

cleanup levels are applicable which call for acceptable 

concentrations for receptors similar to the ACLs of the EPA 

GWPS. By assuring that all residents receive clean water, 

Alternative E-2 is probably in conformance. 

Because of the only partial conformance with groundwater protection 
regulations, but adequate compliance with the intent to protect 

public health, the conformance of Alternative E-2 to ARARs is 
considered moderate. 

o Permitting Requirements 

As with the other alternatives, a SEPA finding may be required for 

this alternative. Few additional environmental impacts are 
expected if the groundwater is not remediated, so studies of 
impacts as in the preparltion of an EIS are probably unnecessary. 
The rating on ease of permitting is therefore high. 

o Community Concerns 

The major corm,unity concern regarding safe drinking water is 

addressed. However, because the groundHater is not treated, and a 

resource associated Hith the property is lost, dissatisfaction with 

this alternative may be expressed. A moderate rating is given. 
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Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative E-2· is moderate. 

Alternative E-4: Deep Well Extraction/Carbon Adsorption/River 
Outfall/Alternate Water Supply/Water use Restrictions 

0 Conformance to ARAR 

The regulations pertaining to the groundwater and air emissions 
discussed in detail in Alternative S-4 apply as well to this 
alternative. Only additional regulatory conditions are included 
here. 

To Be Considered 

Ecology Final Cleanup Policy 

By remediating source area contamination, a more strict 
adherence to the Policy is attained than when contamination 
migration is controlled and where substantial amounts of 
contaminant upgradient of the wells is left in place. 

Because the groundwater protection standards and regulations are 
complied with by reducing the further spread of contamination 
beyond the present area and by remediating the source area, the 
conformance of Alternative E-4 to ARARs is considered high. 

o Permitting Requirements 

Conditions relevant to land use, building, discharge, and hazardous 
waste permitting must be addressed. As properly designed 
structures and site selection consistent with land use plans are 
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anticipated, no complications arise. Carbon adsorption treatment 
removes the contaminants to concentrations near 1 µg/1, so NPDES 
discharge standards will likely be attained. Acquisition of a 
hazardous waste generator number and manifesting of spent carbon 
may be necessary to comply with hazardous waste permit 
regulations. A moderate rating is assigned, primarily due to the 
hazardous waste considerations. 

o Co111T1unity Concerns 

Community concerns are addressed as much as is technically possible 
since groundwater is extracted at the source and treated and safe 
water supplies are provided as needed. A high rating is given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative E-4 is high. 

Alternative E-5: Deep Well Extraction/Air Stripping/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

Alternative E-5 meets the standards of pertinent groundwater 
protection and cleanup regulations in the same manner as 
Alternative E-4. Groundwater is removed from the secondary source 
area and is treated; although five of the six contaminants are 
removed to MCLs or MACs, methylene chloride may not be removed down 
to its MAC value of 2.5 µg/1 using air stripping. However, the 
methylene chloride concentration would be reduced by a factor of at 
least 20 upon discharge to the Little Spokane River so the 
resulting concentration would be below 2.5 µg/1. Furthermore, 
public health protection would be assured with an alternate source 
of drinking water to those houses which are connected as needed. 
Therefore, a high rating is given. 
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o pennitting Requirements 

Pennitting conditions for this alternative are similar to those of 

Alternative W-5, and include land use, building, discharge, and, 
most significantly, air emissions pennits. As this latter pennit 
may require the review of policy on cross-media transfer, a 
moderate rating is given. 

o Community Concerns 

This alternative addresses community concerns in the same manner as 
Alternative W-5 does and is anticipated to receive high public 
acceptance. Thus, Alternative E-5 has a high rating in regard to 

the criterion. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative E-5 is high. 

Alternative E-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

o Confonnance to ARAR 

The regulations pertinent to this alternative are basically a 

combination of those for the previous two alternatives. 
Groundwater cleanup regulations are addressed, treatment to MCLs or 

MACs is achieved for all the contaminants, and a safe source of 
drinking water is supplied as necessary. Air emissions from the 
stripper are small, and the spent carbon would be handled as a 
hazardous waste. A high rating is given. 
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o Permitting Requirements 

Permitting conditions are similar to those that would be 

encountered for Alternative W-6. As noted there, air emissions 
policy questions may be raised and handling of spent carbon may be 
according to hazardous waste manifesting procedures. Thus, the 
ease of permitting is considered moderate. 

o Community Concerns 

This alternative addresses the community concerns of safe drinking 

water and contamination remediation. Thus, Alternative E-6 has a 
high rating in regard to the criterion. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative E-6 is high. 

Alternative E-7: Deep Well Extraction/Chemical Oxidation/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Conformance to ARAR 

The regulatory standards and policies concerning groundwater 
restoration to drinking water or health-based standards are 
addressed by this alternative. In addition, because chemical 
oxidation destroys the contaminants, there is no need to address 
the disposition of the contaminants. Residual concentrations are 
less than 1 µg/1, so NPDES discharge standards should be met. Safe 
water supplies are provided. Thus, a high rating is given for 
conformance with regulations. 

o Permitting Requirements 

Permitting considerations include building, land use, water rights, 
and discharge permits, all of whose conditions may be satisfied. 
As a result, the rating on ease of permitting is considered high. 
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o Col11ilunity Concerns 

Tile community concerns for a safe supply of drinking Hater and a 
satisfactory level of clean up are addressed, si nee alternate \tater 
supplies are provided and the secondary source of contamination is 
treated. Concerns may arise regarding the transport of hydrogen 
peroxide, if that option is selected. Nevertheless, a high rating 
is given. 

Based on the evaluations presented above, the overall institutional 
requirements rating for Alternative E-7 is high. 

5.3.7 Summary of Institutional Evaluation 

A table of the individual and overall institutional ratings is 
presented in Tab le 5-3. Included are brief descriptions of the major 
considerations involved in the ratings. 

5.4 ENVIRONMENTAL IMPACTS 

Each remedial alternative was evaluated for beneficial and deleterious 

environmental effects, with consideration to feasible rnitigation 
measures. This process involved assessment of existing impacts from 

identified contaminants, the degree to which each alternative would 
alleviate the impacts, and additional stresses that might result from 
the cleanup measures themselves. 

For the roost part the various alternatives are indistinguishable in 
regard to environmental factors. This is due both to the fact that the 

different treatment systems are only slightly different in their effect 

on the environment and because the impacts, even to date, are ~ainly 

confined to the groundwater where environmental impacts are slight. 

The differences that do exist mainly involve releases to surface water 
and air: surface 1t'later may be slightly affected by discharge from 
contaminated springs to the Little Spokane River or Little Deep Creek 
if one of the plumes is not intercepted, or treated water, containing 
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SUMMARY Of INSTITUTIONAL REQUIREMENTS EVALUATION 

Conforinance 
to AAARs 

Standards not attained for 
groundwater or drinking 
water. 
Low 

Safe drinking water; 
groundwater not treated 
to standards. 
Moderate 

Migration halted; water 
treated to standards; safe 
dr.inldng water; contami
nation remains upgradient. 
High 

Criterion 

Permitting 
Requirements 

Adverse impacts not 
11itigated. 

low 

Adverse impacts to 
public mitigated, but 
not to environment. 
Moderate 

Land use, building, 
NPDES permit conditions 
satisfied. 

High 

Same as S-4; cross-media Same as S-4; air 
transfer. emissions policy 

questions. 
High Moderate 

Same as S-4; contaminants Same as S-4. 
destroyed on-site. 

High 

Same as S-4. 

High 

High 

land use, building, 
land disposal permit 
conditions met. 
High 

Co11111unity 
Concerns 

Unsafe water supplies; 
groundwater is untreated. 

Low 

Safe water, but groundwater 
resource impaired. 

Moderate 

Safe drinking water; ground
water treated; facility 
siting and easements. 

High 

Over a 11 
Rating 

Low 

Moderate 

High 

Same as S-4. High 

High 

Same as S-4; possible High 
hazardous material transport. 

High 

Same as S-4. High 

High 
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TABLE 5-3 (Cont.) 
SU!f1ARY OF INSTITUTIONAL REQUIREMENT~ EVALUATION 

Criterion 

Conformance Permitting Colllllunity 
to ARARs Requirements Concerns 

Same as S-4; Same as S-7; air Same as S-4. 
cross-media transfer. e1aiss ions po 1 icy 

questions. 
High Hoderate High 

Same as S-4; contaminants Same as S-7. Same as S-4; possible 
destroyed on-site. transport of hazardous 

materials. 
High High High 

Same as S-4; injection Same as S-7; state Same as S-4. 
wells prohibited by state, prohibition on 
allowed on federal level. injection wells. 
Moderate Low High 

Saine as S-10. Sa111e as S-10. Same as S-4. 

Moderate Low High 

Same as S-10. Same as S-10. Same as S-4; possible 
transport of hazardous 
material. 

Moderate Low High 

Ill • 

Overall 
Rating 

High 

High 

Moderate 

Moderate 

Moderate 
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WESTERN AREA 

W-1: No action 

W-2: Alternate water 
supply/water use 
restrict ions 

W-4: Oeep well extraction/ 
carbon absorption/ 
river outfall 

W-5: Deep well extraction/ 
air stripping/river 
out fa 11 

W-6: Oeep well extraction/ 
air stripping and 
carbon absorption/ 
river outfall 

W-7: Ueep well extraction/ 
chemical oxidation/ 
river outfall 
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TABLE 5-3 (Cont.) 

SUHiARY OF INSTITUTIONAL REQUIRHIENlS !:":VALUATION 

Criterion 

Conforn1ance 
to ARARs 

Permitting 
Requirements 

Comunity 
Concerns 

Over a 11 
Rating 

Standards not attained 
for drinking water or 
groundwater. 
low 

Safe drinking water; 
groundwater/protection 
standards not met. 
Moderate 

Groundwater protection 
achieved; water treated 
to standards; safe 
drinking water. 

High 

Groundwater protection 
achieved; safe drinking 
water; cross- edia 
transfer; MC not re-
RJOved to MAC. 
High 

Same as W-4; cross-
media transfer. 

High 

Same as W-4 ; contamina-
tion destroyed on-site. 

High 

Adverse impacts are not 
111itigated. 

Low 

Adverse impacts to 
public mitigated, but 
not to environment. 
Moderate 

Land use, building, 
NPOl:":S permit conditions 
satisfied; hazardous 
waste handling permit 
conditions apply. 
Moderate 

Land use, building, 
NPOES permit conditions 
satisfied; air emis-
sions policy questions. 

Moderate 

Sarne as W-4; air 
emissions policy 
questions. 
Moderate 

Land use, building and 
and NPOES perfflit con-
ditions satisfied; 
no hazardous waste 
hand 1 ing. 
High 

Unsafe water supplies; 
groundwater is untreated. 

Low 

Safe water, but groundwater 
resource impaired. 

Moderate 

Migration halted, so water 
supplies protected; con-
tamination remediated; 
facility siting and 
easements. 
High 

Same as W-4. 

High 

Same as W-4. 

High 

Same as W-4; possible trans-
port of hazardous materials. 

H{gh 

Low 

Moderate 

High 

High 

High 

High 
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EASTERN AREA 

E-1: No action 

E-l: Alternate water 
supply/water use 
restrictions 

2:; E-4: Ueep well extraction/ 
\Cl carbon absorption/ 

river out fa 11 

E-5: Ueep well extraction/ 
air stripping/river 
outfall 

E-6: Ueep well extraction/ 
air stripping and 
carbon absorption/ 
river outfall 

£-7: Ueep well extraction/ 
chemical oxidation/ 
river out fa 11 
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TABLE ~-3 (Cont.) 

SUMMARY OF INSTITUTIONAL REQUIREMENTS EVALUATION 

Criterion 

Conformance 
to ARARs 

Permitting 
Requirements 

Community 
Concerns 

Standards not attained Adverse impacts are not Unsafe water supplies; 
for drinking water or mitigated. groundwater is untreated . 
groundwater. 
Low Low Low 

Safe drinking water; ·Adverse impacts to Safe water supplies; 
groundwater protection pub lie, but not envi- groundwater is untreated. 
standards not met. ronment are mitigated. 
Moderate High Moderate 

Groundwater protection Land use, building, Safe water is supplied; 
achieved; water treated NPU£S permit conditions groundwater is remediaterl; 
to standards; safe satisfied; hazardous facility siting and ease-
drinking water; source waste handling permit ments 
control; some migration conditions apply. 
continues. 
High Moderate High 

Same as E-4; cross- Land use, building, Same as E-4. 
media transfer; MC not NPUES permit conditions 
removed to MAC level. satisfied; air emis-

sions policy questions. 
High Moderate High 

Same as E-4; cross- Same as E-4; air emis- Same as E-4 
media transfer. sions policy questions. 

High Moderate High 

Same as E-4; contami- Land use, building, Same as E-4; potential 
nants destroyed on-site. and NPUES permit condi- transport of hazardous 

tions satisfied; no materials. 
hazardous waste 
handling. 

High High High 

• 

Over a 11 
Rating 

Low 

Moderate 

High 

High 

High 

High 
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trace levels of organic contaminants could be released to the 
waterways; the atmosphere and the surrounding areas may be iJll)acted by 
air emissions if air stripping is used to treat the water. It will 
probably be impossible, however, to discern any iJll)act on local 
ecosystems from any of these minor contaminant releases. 

Aspects which were considered (although not explicitly) were, for 
beneficial effects, the final environmental conditions of the site, the 
improvements for the biological community, and the improvements in 
human use resources. The analysis of potential adverse conditions 
concentrated on effects occurring during operation of the facilities 
and the possible mitigative measures which could be incorporated into 
the design. Impacts during construction are anticipated to be very 
minor for the facilities required, mainly because the very porous 
nature of the soils prevents runoff from leaving a construction site. 
The one exception is that river or creek outfalls could be vulnerable 
to erosion during their construction if unusual streamflow events 
occur; the environmental impacts of even very unusual occurrences are 
mitigated by careful construction practices which are normally followed 
in flood-prone areas . 

For each alternative the beneficial effects are assigned, as a group, a 
single rating of 11 low 11

, ''moderate", or 11 high 11
, indicative of how well 

the alternative promotes environmental concerns. Adverse effects of 
each alternative are treated in like fashion, i.e. if these impacts are 
present and not mitigated, the alternative would get a lowered rating. 
To prevent the misconception that the rating might be referring to a 
high level of adverse effects, this phrasing is specifically avoided in 
the discussions. 11 High 11 is always on the favorable side for each 
criterion so that the ratings can easily be combined. Finally, each 
alternative- is assigned an 11 0verall Environmental Rating 11 indicative of 
its relative favorability. The environmental evaluation and ratings 
are summarized in Table 5-4 which is prese.nted at the end of this 
section. 
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5. 4. l Evaluation of Environmental Impacts of Remedial 
Alternatives for Southern Area 

Alternative S-1: No Action 

o Beneficial Effects 

The no action alternative includes no beneficial effects since no 
remediation is accomplished. Because of this, beneficial effects 
are rated low. 

o Jldverse Effects 

In the absence of remediation there are anticipated to be several 
adverse effects, including contamination of domestic drinking water 
supplies as the plume advances to the south, as well as an eventual 
release of contaminants into surface water systems such as Little 
Deep Creek and Peone Creek and thus ultimately the Little Spokane 
River of which these are tributary. 

If alternate water supplies are not supp1ied, domestic water 
supplies may become contaminated. Animals given water from 
contaminated wells may suffer adverse health effects. Thus, no 
action results in not only a degradation of the resource but a 
potential danger in some areas to domestic animals dependent on 
these supplies. (Note that the human health issue is dealt with in 
Section 5.5 and is not taken into account here.) 

The second concern, the ultimate discharge of contaminated water to 
surface water (Little Deep Creek and Peone Creek), is somewhat less 
significant considering the hazards associated with it. The Risk 
Assessment (Appendix A) evaluated the impact of these discharges 
on aquatic life in the Little Spokane River by comparing the 
concentrations in the river, after the dilution from mixing with 
the river flow, with EPA ambient Water Quality Criteria 
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(Table A-12). The predicted river concentrations were found to be 
at least 5 orders of magnitude below the criteria levels and so 
impacts are not considered significant. Impacts on mammals were 
also evaluated and no exceedance of acute toxic limits were found 
for water in the Little Spokane, in springs from the upper aquifer 
(e.g., feeding Little Deep Creek), or from the most contaminated 
groundwater found on site. Chronic toxicity was not considered 
likely for noncarcinogens (TCA and DCE), but was a potential threat 
to animals exposed to contaminated groundwater containing 
carcinogenic components since a safe level cannot be derived using 
available data. Exposure to carcinogens does not appear to be an 
immediate problem for wildlife since these compounds (MC, TCE, PCE) 
are not presently found at the southern end of the upper aquifer 
plume which would be released to Little Deep Creek first. 

An additional adverse impact resulting from no action is the 

contamination of groundwater. Aside from the potential impacts to 
humans and biota, the migration of contamination to adjacent 
groundwater represents degradation of the physical environment. 

The adverse impacts to the environment resulting from no action are 
more extensive than those resulting from other alternatives; 
nevertheless, these impacts are not considered seriously 
detrimental, so a moderate rating is given. 

Alternative S-1 is rated moderate in overall environmental impact. 
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Alternative S-2: Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative involves the supply of alternate water supply to 
the southern plume area. This water will relieve public health 
concerns, and to an extent will be used for livestock. Because the 
only beneficial environmental effects are for domestic and some 
fann animals which might otherwise receive poorer quality water, 
the beneficial effects are slight or moderate. 

o Adverse Effects 

Like the no-action alternative, this alternative does not prevent 
the spread of the southern plume, the degradation of the 
groundwater resources, and the ultimate discharge of the 
contaminated water to Little Deep Creek or possibly to Peone 
Creek. As discussed above, the contaminant concentrations do not 
pose an acute hazard and the chronic aspects which may take many 
years to become manifest, even after contaminated groundwater 
begins to escape to Little Deep Creek. The adverse effects are 
considered moderate. 

Alternative S-2 has been rated moderate in its consideration of 
environmental i~acts. 

Alternative S-4: Deep Well Extraction/Carbon Adsorption/Creek 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Alternative S-4 includes groundwater treatment of the southern 

plume which will prevent the further migration and ultimate 
discharge of contaminated water in the upper aquifer into Little 
Deep Creek or Peone Creek. It will also have the additional 
benefit of releasing the treated water to Little Deep Creek, 
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enhancing the flora and fauna along the banks of this nonnally 
intermittent creek in a water-short area. Judging the beneficial 
effects of these small changes, the environmental benefits of 
Alternative S-4 are rated high. 

o Adverse Effects 

The trucking of the spent carbon filter material could, on rare 

occasions, be subject to accidental spillage, but this is 
considered a negligible adverse environmental effect because of the 
generally innocuous nature of the carbon, even with adsorbed 
organics, and the ease with which spillage could be removed. 

The only other potential adverse environmental il11)acts of this 
alternative would occur if the d1scharge from the treatment plant 
were to cause erosion in Little Deep Creek. Since this condition 
can easily be mitigated using proper engineering design of the 

outfall, the adverse effects are considered minor and thus the 
alternative is rated high. 

Alternative S-4 has been rated high in its consideration of the 
environment. 

Alternative S-5: Deep Well Extraction/Air Stripping/Creek 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Alternative S-5 is virtually identical to Alternative S-4 except 
for the choice of treatment technology which is air stripping 
instead of carbon adsorption. There is no change in the beneficial 
effects as the plume is still intercepted and water is still 
discharged to the creek, and so the rating remains high. 
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o Adverse Effects 

The one change of this alternative from S-4 is the substitution of 
an air stripping treatment system for the carbon adsorption unit. 
The emission of chlorinated hydrocarbons into the atmosphere is an 
adverse environmental impact. The analysis of the emissions 
(Appendix F), however, indicates that their concentrations are 
orders of magnitude below regulatory levels. Dispersion results in 
effective exposure levels that are even lower. Thus, the air 
emissions impacts are very minor. The rating for adverse effects 
is considered to be moderate. 

Alternative S-5 has been rated high in its environmental impacts, 
because the beneficial effects far outweigh the minor impacts of air 
emissions. 

Alternative S-6 - Deep Well Extraction/Chemical Oxidation/Creek 
Outfall / Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Alternative S-6 is identical to Alternative S-4 except for the use 
of chemical oxidation rather than carbon adsorption. This change 
makes no difference in the beneficial environmental effects of 
preventing the spread of contamination further south and supplying 
water to the flora and fauna in Little Deep Creek, so they remain 
rated high. 

o Adverse Effects 

This alternative may require the transportation of hazardous 
material (hydrogen peroxide) to the treatment plant if the hydrogen 
peroxide option is used. This opens up the possibility of an 
accidental discharge of the chemical and resultant environmental 
damage. 
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An analysis of truck accident frequency on Washington highways 

indicates the likelihood of approximately 1 to 3 accidents which 
could occur to the transport during the thirty-year operational 
life of the remedial action. Of these, there is only a possibility 
that one could be serious enough that the hydrogen peroxide could 
esc~pe and cause any environmental damage. The likely damage from 
the strongly oxidizing chemical in this case would be damage to 
vegetation in the immediate vicinity of the acc1dent and the 
possibility of severe burns to humans or animals who might come in 
contact. No fumes would be generated, however, and the porous 
nature of the soils would prevent the spread of the chemical, which 
would quickly become neutralized through oxidation of organic and 
mineral constituents in the soil. Because the accident scenario is 
a rather remote possibility, the illl)acts are very localized, and 
hydrogen peroxide may not be used, the rating of adverse effects is 
still high. 

Alternative S-6 has been rated high in tenns of its environmental 
effects. 

Alternative S-7: Deep Well Extraction/Carbon Adsorption/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative differs from Alternative S-4 in having a drain 
field discharge instead of an outfall on Little Deep Creek. 
Although the drainfield eliminates clean water discharges to Little 
Deep Creek, the major beneficial environmental effect of the 
interception of the contaminated groundwater before it can 
discharge to a creek is still realized. Because of the importance 
of this effect, the beneficial effects of Alternative S-7 are rated 
high. 
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o Adverse Effects 

Alternative S-7 is identical to S-4 except that it does not have 
the creek outfall. This eliminates the only adverse effect which 
was the possibility of erosion at the outfall. Thus this 
alternative is rated high in terms of adverse illl)acts. 

Alternative S-7 has been rated high in overall environmental 
acceptability. 

Alternative S-8: Deep Well Extraction/Air Stripping/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative includes the beneficial impacts of interceptinq 
the contaminated groundwater thereby preventing the degradation of 
groundwater and releases of contaminants to surface waters. 

o Pdverse Effects 

As discussed in Alternative S-5, air stripping releases 
contaminants to the air, which has a minor negative i!Jl)act. The 
adverse effects are rated moderate. 

Alternative S-8 has been rated high in overall environmental illl)act. 

Alternative S-9: Deep Well Extraction/Chemical Oxidation/Drain 
Field/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative is virtually identical to Alternative S-7, except 
that chemical oxidation is used instead of carbon adsorption. As 
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this has no effect on the main beneficial effect of the alternative 

of intercepting the groundwater plume, the rating will not change, 
and remains high. 

o J!dverse Effects 

This alternative shares with Alternative S-6 the chance of danger 
associated with bringing in hazardous materials to the site if 
hydrogen peroxide is used and associated localized environmental 
damage. Nonetheless, the adverse effects are rated high. 

This alternative has been rated high in overall environmental impact. 

Alternative S-10: Deep Well Extraction/Carbon J!dsorption/Recharge 
Wells/Alternate Water Supply/\.Jater Use Restrictions 

o Beneficial Effects 

0 

The only difference between Alternatives S-10 and S-7 is the use of 
recharge wells instead of drainfields. This does not change the 
main environmental effect of intercepting the groundwater 
contaminant plume before it reaches surface water systems, so that 
the rating of the beneficial effects remains high. 

J!dverse Effects 

The only adverse impact of Alternative S-4 was the potential for 
erosion at the creek outfall. The use of recharge wells eliminates 
this possibility. Therefore, the rating for the adverse impacts is 
high. 

Alternative S-10 has been rated high in overall environmental impacts. 
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Alternative S-11: Deep Well Extraction/Air Stripping/Recharge 

Wells/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Alternative S-11 is identical to Alternatives S-5 and S-8 in the 
beneficia l environmental effect of intercepting the groundwater 
contaminant plume, so the rating on its beneficial effects remains 
high. 

o Adverse Effects 

The minor adverse effect of emitting low levels of hazardous 
materials into the atmosphere results in a moderate rating, as was 
the case for Alternatives S-5 and S-8. 

Alternative S-11 has been rated high in overall environmental impacts. 

Alternative S-12: Deep Well Extraction/Chemical Oxidation/Recharge 
Wells/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Alternative S-12 is functionally equivalent to Alternative S-9 
because the use of recharge wells instead of a drainfield will not 
change the impact of intercepting the groundwater contaminant 
plume. As a result the rating on the beneficial effects remains 
high. 

o Adverse Effects 

Alternative S-12 shares with Alternatives S-6 and S-9 the minor 
concern with a chance truck accident releasing hydrogen peroxide,, 
if this oxidant is used As a result, the rating of the adverse 
effects is the same as that for Alternative S-9, which is high. 
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Alternative S-12 has been rated high in overall environmental impact. 

5.4.2 Evaluation of Environmental Impacts of Remedial Alternatives for 
Western Area 

Alternative W-1: No Action 

o Beneficial Effects 

The no action alternative includes no beneficial effects since no 
· remediation is accomplished. Because of this, beneficial effects 
are rated 1 ow. 

o Adverse Effects 

In the absence of remediation the most significant adverse effects 
will be an eventual release of contaminants into the Little Spokane 
River. As was discussed in the section on Alternative S-1, the 
carcinogenic compounds in these releases could have minor chronic 
impacts on aquatic systems in the river and on terrestrial wildlife 
using it for water. These compounds have been found more 
consistently in the lower aquifer being remediated in the west than 
they were in the south, but benefit from dilution in the 
considerable flow of the Little Spokane River, so that the 
resulting concentrations are orders of magnitude lower than the EPA 
ambient Water Quality Criteria. More significantly, domestic water 
supplies in the area will also become contaminated, potentially 
affecting animals living there. Last, additional groundwater 
contamination represents environmental degradation. Nevertheless, 
the adverse environmental impacts are not considered to be 
seriously detrimental. Thus, the alternative is rated moderate on 
this criterion. 

Alternative W- 1 has been rated moderate on its overall environmental 
impact. 
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Alternative W-2: Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative includes an alternate water supply for residences 
in the western area. This feature creates a minor beneficial 
effect to the animals who live at residences and would be given 
water from the public supply system. Otherwise, there is no change 
from the unremediated situation, and the beneficial effects of 

Alternative W-2 are rated moderate. 

o Adverse Effects 

Use of Alternative W-2 allows the adverse effect of contaminated 
seepage from the lower aquifer to continue unabated and ultimately 
enter the Little Spokane River. Also, groundwater in the western 
area may become contaminated, thus degrading a natural resource. 
The adverse effects are considered sufficient to give a rating of 

moderate for adverse environmental effects. 

Alternative W-2 has been rated moderate in its overall environmental 
impact. 

Alternative W-4: Deep Well Extraction/Carbon Adsorption/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative is very similar to Alternative S-4 in that it 
prevents the further spread of groundwater contamination. Beyond 
this, there is also the discharge of clean treated groundwater to 
the Little Spokane River, which gives little environmental benefit 
since it is less than 4 percent of the drought flow in the river 
and only about 1 percent of the mean flow. The beneficial effects 
of this alternative are rated high. 
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o Adverse Effects 

The only adverse effect of this alternative was considered to be 

possible erosion or flow disruption at the outfall location in the 
Little Spokane River. Because this is minor, and easily mitigated 
through proper engineering design, the adverse effects are rated 
high. 

Alternative W-4 has been given an overall environmental rating of high. 

Alternative W-5: Deep Well Extraction/Air Stripping/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative is functionally identical to Alternative W-4 in 
its beneficial effect of preventing the ~pread of groundwater 
contamination since the only modification from one to the other is 
the use of air stripping instead of carbon adsorption. As a 
result, the rating of its beneficial effects is judged to be high. 

o Adverse Effects 

The possibility of erosion or flow disruption at the outfall is one 
minor adverse effect which is again easily mitigated. The use of 
air stripping results in the minor adverse impact of releasing low 
levels of hazardous contamination to the air. With this 
consideration, the adverse effects are rated moderate. 

Alternative W-5 has been rated high in its overall environmental impact. 
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Alternative W-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative differs from Alternative W-5 in having carbon 
adsorption treatment as a finishing step to the air stripping 
process. This does not affect any conditions in the environment, 
and the Alternative continues to intercept the groundwater plume 
from domestic supplies and the Little Spokane River. The 
beneficial effects of this alternative are, as with 
Alternative W-5, high. 

o .Ad verse Effects 

Similar to Alternative W-5, a·dverse effects include possible 
erosion at the river outfall and low levels of air emissions from 
the air stripping process. These combine to give a moderate rating 
on the criterion. 

This alternative is rated high overall in its environmental effects. 

Alternative W-7: Deep Well Extraction/Chemical Oxidation/River 
Outfa 11/ Alternate Water Supp ly;\,/ater Use Restrictions 

o Beneficial Effects 

This alternative is functionally equivalent to Alternative W-4 
(substitution of chemical oxidation in place of carbon adsorption). 
Prevention of the spread of contaminated groundwater toward 
drinking water supply wells and the Little Spokane River continues 
to be a major beneficial enviro.nmental effect. The beneficial 

effects are rated similarly as being high. 
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o Adverse Effects 

As with Alternatives S-6, S-9, and S-12, there is a chance of 
hydrogen peroxide being spilled during transportation to the site. 
However, hydrogen peroxide may not be used and adverse impacts of a 
spill would be temporary and local, so the rating is high. 

Alternative W-7 has been rated high in its overall environmental impact. 

5.4.3 Evaluation of Environmental Impacts of Remedial Alternatives for 
Eastern Area 

Alternative E-1: No kt ion 

o Beneficial Effects 

With no remediation taking place, there are no beneficial effects, 
and so this alternative is rated low on this criterion. 

o Adverse Effects 

This no-action alternative differs from the other ones 
(Alternatives S-1 and W-1) in that there is no plume to be 
intercepted in the eastern area which will eventually impact 
surface water and thus the environment. The lower aquifer 
contamination is moving west from this area, and will ultimately be 
intercepted by use of the western remedial alternatives. The 
adverse impact remains, however, of residential well water supplies 
becoming contaminated in this area and il!l)acting animals dependent 
on these supplies. Because of this threat, the adverse effects of 
Alternative E-1 are rated moderate. 

Alternative E-1 has been rated moderate in its overall environmental 
impacts. 

4400a 
5-124 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Alternative E-2: Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative allows supply of the residences in the eastern 

area from an alternate water supply. This gives a beneficial 
effect of supplying humans and animals in this area with clean 
water, depending on the willingness of the owners of the residences 
to pay for water being supplied to animals. With this proviso, the 
beneficial effects are minor and are rated moderate. 

o Adverse Effects 

Without the threat of contaminated water supply to domestic animals 

in the area all the adverse effects of Alternative E-1 are 
eliminated and the adverse effects rating becomes high. 

Alternative E-2 has been rated high in overall environmental impact. 

Alternative E-4: Deep Well Extraction/Carbon Adsorption/River 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

Besides providing alternate water supplies to residences in this 
area whose domestic water becomes contaminated, this alternative 
includes the beneficial effect of remediating the groundwater near 
suspected secondary sources, and thus bringing about cleanup of the 
lower aquifer more quickly, and reducing contaminant migration to 
other areas. As this does not have immediate environmental 
consequences, it is considered only a moderate level of beneficial 
effect. 
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o Adverse Effects 

While carbon adsorption has little or no negative environmental 
consequences, there is a possibility that the river outfall could 
cause flow disruption or erosion in this river bed. This is easily 
mitigated through proper design. The rating is therefore high 
under this alternative. 

Alternative E-4 has been rated high in its overall environmental impact. 

Alternative E-5: Deep Well Extraction/Air Stripping/River 
Outf a 11/ Alternate Water Supp 1 y;Water Use Restrict ions 

o Beneficial Effects 

This alternative also cleans up the groundwater resource in a more 
timely manner and provides clean water supplies to residences whose 
well water becomes contaminated. Alternative E-5 is rated moderate 
in its beneficial effects. 

o Adverse Effects 

In addition to the possibility of erosion at the river outfall, 
there is minor adverse effect of emitting low levels of hazardous 
constituents into the atmosphere. This is sufficient to give 
Alternative E-5 or moderate rating on this criterion. 

Alternative E-5 has been rated moderate overall in its environmental 
consequences. 
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Alternative E-6: Deep Well Extraction/and Air Stripping and Carbon 
Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

o Beneficial Effects 

This alternative is functionally equivalent to Alternative E-5 
since the only variation is a finishing carbon adsorption unit to 
further treat the water after the air stripping process. The 
alternative provides more rapid cleanup of the groundwater resource 
and clean water supplies to residences in this area. The rating of 
the beneficial effects of Alternative E-6 is moderate. 

o Adverse Effects 

This alternative has the same minor adverse effects of · 
Alternative E-5, of possible erosion at the river outfall and 
low-level air emissions, and so has a rating of moderate on this 
criterion. 

Alternative E-6 is rated moderate in its overall environmental impacts. 

Alternative E-7: Deep Well Extraction/Chemical Oxidation/River 
Outfall/Alternate Water Supply/\.Jater Use Restrictions 

o Beneficial Effects 

The use of chemical oxidation for this alternative instead of 
carbon adsorption does not affect the environmental effects of more 
timely clean up of the contaminated groundwater resource as well as 
providing clean water to residences which may become contaminated, 
as was the case for Alternative E-4. The rating on this criterion 
is moderate. 
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o Adverse Effects 

The minor adverse effects of Alternative E-7 are the possible flow 
disruption or erosion along the river outfall, and the possibility 
of a release of hydrogen peroxide, if this oxidant is used, caused 
by a truck accident during shipment. These factors are relatively 
minor, and a high rating is given. 

Alternative E-7 has been rated high in its overall environmental 
consequences. 

5.4.4 Summary of Environmental Impact Assessment 

Table 5-4 presents the ratings for each of the alternatives, both for 
its beneficial and adverse effects as well as its overall environmental 
consequences. 

5.5 PUBLIC HEALTH IMPACTS 

The following discussion describes the qualitative evaluation and 
comparison of public health impacts and protection for each remedial 
alternative. The evaluation of each alternative is based upon 
assessing the level of hazard posed by implementing each alternative. 
Each alternative is addressed according to the detailed criteria 
presented in Table 5-1: 

o Minimization or Prevention of Chemical Releases: how well the 
alternative prevents the release of additional contaminants 
from the landfill area or prevents further migration of the 
existing plumes. 

o Exposures During Remedial Action: the level of contamination 
to which workers or nearby residents are exposed during the 
course of the remedial effort, 
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Kemedial Alternatives 

SOUTHERN AREA 

S-1 : No act ion 

S-2 : Alternate water 
supply/water use 
restrict ions 

S-4: Deep well extraction/ 
carbon adsorption/ 
creek outfall 

S-5: Ueep well extraction/bi111<>nthly 
air stripping/creek outfall 

S-b : Ueep well extraction/chemical 
oxidation/creek outfall 
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lABLE !i-4 

SUMMARY Of ENVIRONMENTAL ll1PAt.:TS EVALUATION 

Beneficial Effects 

None 

Low Rating 

Supply of clean water to 
residences in plume area • 

Moderate Rating 

Criterion 

Prevention of spread of 
contaminated groundwater. 
Discharge of clean effluent to 
Little Deep Creek. 

High Rating 

Prevention of spread of 
contaminated groundwater. 
Uischarge of clean effluent to 
Little Deep Creek. 

High Rat ing 

Prevention of spread of 
contaminated groundwater. 
Uischarge of clean effluent to 
Little Ueep Creek. 

High Hating 

Adverse Effects Overall Rating 

Contamination of domestic water 
supplies. 
Release of contaminants into Little 
Deep Creek and Peone Creek. 

Low Rating 

Oischarge of contaminated water 
into Little Deep Creek and Peone 
Creek. 

Moderate Rating 

Potential erosion in Little 
Deep Creek. 

High Rating 

Potential erosion in Little Deep 
Creek. 
Low-level air emissions. 

Moderate Rating 

Moderate 

Moderate 

High 

High 

Potential erosion in Little Deep High 
Creek. 
Minor chance of hydrogen'peroxide spill, 
if used. 

High Rating 

- -
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TABLE 5-4 (Continued) 

SUMMARY OF ENVIRONMENTAL IMPACTS EVALUATION 

Criterion 

Remedial Alternatives 
Beneficial Effects Adverse Effects Overa 11 Rating 

S-7: Ueep well extraction/carbon Prevention of spread of No significant impacts. High 
absorption/drainfield contaminated groundwater. 

High Rating High Rating 

Ul 
S-8: Deep well extraction/ Prevention of spread of Low-level air emissions. High 

I air stripping/drainfield contaminated groundwater. ,_. 
w 
0 

High Rating Moderate Rating 

S-9: Ueep well extraction/ Prevention of spread of Chance of hydrogen peroxide spill. High 
chemical oxidation/ contaminated groundwater. 
drainfield 

High Rating High Rating 

S-10: Deep well extraction/ Prevention of spread of No significant impacts. High 
carbon absor~tion/ contaminated groundwater. 
recharge wel s 

High Rating High Rating 

S-11: Deep well extraction/ Prevention of spread of Low-level air emissions. High 
air strippinf 
recharge wel s 

contaminated groundwater. 

High Rating Moderate Rating 

S-12: Deep well extractio"/ Prevention of spread of Chance of hydrogen peroxide spill. High 
chemical oxidation/ contaminated groundwater. 
recharge wells 

High Hating High Rating 
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Remedial Alternatives 

WESTERN AREA 

W-1: No act ion 

W-2: Alternate water 
supply/water use 
restrict ions 

W-4: Ueec well extraction/ 
car on absorption/ 
river outfall 

W-5: Ueep well extraction/ 
air stripping/river 
outfa 11 

W-6: Ueep well ~xtraction/ 
air stripping and 
carbon absorption/ 
river outfall 

W-7: 
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Ueep well extraction/ 
cheinica 1 oxidation/ 
river outfa 11 
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TABLE 5-4 (Continued) 
SUW,,ARY Of ENVIRONMENTAL IMPACTS EVALUATION 

Criterion 

Beneficial Effects 

None. 

Low Rating 

Uncontaminated water supply to 
residents. 

Moderate Rating 

Prevents spread of contaminated 
groundwater. 

High Rating 

Prevents spread of contaminated 
groundwater. 

High l<ating 

Prevents spread of contaminated 
groundwater. 

High ijating 

Prevents spread of contaminated 
groundwater. 

High l<ating 

Adverse Effects 

Contamination of domestic water 
supp 1 ies. 
Release of contaminants into Little 
Spokane River. 

Moderate Rating 

Release of contaminants into Little 
Spokane River. 

Moderate Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 

High Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Low-level air emissions. 

Moderate Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Low-level air emissions. 

Moderate Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Chance of hydrogen peroxide spi 11. 

High Rating 

• Ill • -

Overa 11 Rating 

Moderate 

Moderate 

High 

High 

High 

High 
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Remedial Alternatives 

EASTERN AREA 

E-1: No action 

E-2: Alternate water 
supply/water use 
restrictions 

t:; E-4: IJeep well extraction/ 
I"\) carbon absorption/ 

river outfall 

E-5: IJeep well extraction/ 
air stripping/river 
out fa 11 

E-6: Deep well extraction/ 
air stripping and 
carbon absorption/ 
river outfall 

E-7: Ueep well extraction/ 
chemical oxidation/ 
river outfall 
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TABLE 5-4 (Continued) 

SUMMARY Of ENVIRONMENTAL IMPACTS EVALUATION 

Criterion 

Beneficial Effects 

None 

Low Rating 

Uncontaminated water supply to 
residences. 

Moderate Rating 

Cleanup of contaminated 
groundwater resource. 
Uncontaminated water supply to 
residences. 

Moderate l{ating 

Cleanup of contaminated 
groundwater resource. 
Uncontaminated water supply to 
residences. 

Moderate Rating 

Cleanup of contaminated 
groundwater resource. 
Uncontaminated water supply to 
residences. 

Moderate Rating 

Cleanup of contaminated 
groundwater resource . 
Uncontaminated water supply to 
residences. 

High l{ating 

Adverse Effects 

Contaminated domestic water 
supplies. 

Moderate Rating 

None 

High Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 

High Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Low-level air emissions. 

Moderate Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Low-level air emissions. 

Moderate Rating 

Possible erosion or flow disruption 
at outfall in Little Spokane River. 
Possibility of accidental spill 
of hydrogen peroxide during shipment. 

High Rating 

• • • • 

Overall Rating 

Moderate 

High 

High 

Moderate 

Moderate 

High 
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o Exposures After Remedial Action: the continuing, residual 

contamination which will remain in the vicinity of the site 
for chronic exposure after the remediation is over. 

Other criteria which were recommended for consideration by EPA guidance 
documents (USEPA 1985a) were omitted because they were already 
considered under other sections of the evaluation, were duplicative of 
other detailed criteria of this section, or were inapplicable to the 
Col be rt site. These included: 

o the capacity of the alternatives to minimize or prevent 
exposures -- covered under the exposures during, and after, 
remediation, 

o the chemical releases not minimized or prevented -- included 
in the criteria for chemical releases minimized, 

o the time over which the contaminant concentrations are reduced 
at receptor locations -- covered in the technical criterion of 
time to achieve beneficial results, 

o relevant and applicable standards a re, or a re not, met -
described in the ARAR sections of the institutional eva luation 
(Section 5.3), 

o adjustments which had to be made to standards, criteria, 
advisories, or guidance -- also described under the ARARs 
(Section 5.3). 

o exposures during implementation - in all cases except no 
action, the only public health hazards are construction 
hazards, primarily to workers; contaminants exposures are 
minimal and short-term. 
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As in the other sections, the alternatives are considered under the 

three geographic areas, with the exposures generally also in the same 
areas. By the general rule (Section 5. 1) that the higher the 
evaluation, the more the alternative promotes the intent of the 
criterion in achieving the remedial objectives, the terms 11 high 11

, 

11moderate 11
, and 11 low 11 signify that public health is well protected, 

moderately protected, or only minimally protected, respectively, by the 
alternative. 

5.5. 1 Southern Area Alternatives 

Alternative S-1: No ktion 

o Minimization or prevention of chemical releases 

0 

0 

The no action alternative does not minimize or prevent any 
chemical releases from the source areas in the vicinity of the 
landfill or further plume migration. The evaluation of the 
alternative on this criterion is low. 

Exposures during remedial action 

The no-action alternative will result in continued exposure of 
increasing numbers of people through their private water 
supplies to contaminant concentrations above the acceptable 
levels detennined in the Risk Assessment. The evaluation of 
the alternative on this criterion is low. 

Exposures after remedial action 

The fact that no remedial action occurs in this alternative 
means that the public health situation will remain the same 
until such time as the groundwater system remediates itself 
through natural flushing. The evaluation is therefore low. 

The overall public health protection afforded by Alternative S-1 is low. 
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Alternative S-2: Alternate Water Supply/Water Use Restrictions 

0 

0 

0 

Minimization or prevention of chemical releases 

Supplying an alternate water supply to this area will not 

prevent any releases of the chemical contaminants or reduce 
plume migration. The evaluation is, therefore, low. 

Exposures during remedial action 

Installation of alternate water supplies will protect the 
residents in the Southern area from exposure to contaminated 
drinking water. It will not release any additional chemical 
contaminants via other pathways. The rating is therefore high 
for this criterion. 

Exposures after remedial action 

After installation of the alternate water supp ly, exposures 
will be minimized. The contamination will remain in the 
groundwater for several decades until natural flushing will 
remove it, but the public will continue to be protected from 
exposure by the expanded public water supply system. Minor 
exposures will remain possible via a few mechanisms, including 
ingestion of well water which is has been kept in service for 
use as irrigation supplies, or through contact with 
contaminated water at springs, or after it enters surface 
waters in the area (mainly Little Deep Creek). The rating is 
therefore moderate. 

The public health protection afforded by Alternative S-2 is, overall, 
moderate. 
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Alternative S-4: Deep Well Extraction /Carbon Adsorption/Creek 
Outfall/Alternate Water Supply/Water Use Restrictions 

0 

0 

0 

4400a 

Minimization or prevention of chemical releases 

While this alternative does not prevent chemical releases at 
the suspected secondary source areas near the landfill, it 

will prevent the contaminants from entering new areas of the 
upper aquifer. The rating of the alternative on this account 

is moderate. 

Exposures during remedial action 

Installation of the treatment and alternate water systems will 
prevent further spread of the contaminants to new areas and 

will not result in additional exposures via groundwater 

ingestion. Some exposures could occur from irrigation water, 

but this is limited to the area of the contained plume and 

those residents choosing to continue the use of their wells. 

The exposure is therefore very minor. The rating of 
Alternative S-4 in this criterion is high. 

Exposures after remedial action 

This alternative will not accelerate removal of contaminants 
from the suspected secondary source areas, so tile time for 
remediation of contaminated groundwater may require decades 

while natural flushing occurs. At the end of the remediation 
system's operational life however (about 30 years), there will 

still be a considerable quantity of contaminants in the 
aquifer, so another system will have to be installed at that 
time to continue to protect public health. Thus, the rating 
on this criterion is low. 
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The overall public health protection afforded by Alternative-S4 is 
moderate. 

Alternative S-5: Deep Well Extraction/Air Stripping/Creek Outfall/ 
Alternate Water Supply/Water Use Restrictions 

0 

0 

0 

Minimization or prevention of chemical releases 

Alternative S-5, similarly to Alternative S-4, intercepts the 
contaminants before they proceed further to the south but does 
not prevent the release of additional chemicals from the 
vicinity of the landfill. The rating is moderate. 

Exposures during remedi a 1. act ion 

The use of air stripping potentially exposes residents to 
airborne contaminants. However, analysis of the emission 
rates, using worst-case assumptions, indicates that even at 
the effluent point, contaminant concentrations are orders of 
magnitude lower than health-based air quality criteria (see 
Appendix F). If the excellent dispersion characteristics of 
the area are taken into account, there is very little chance 
of significant exposure occurring. Potential exposures to 
contaminanted irrigation water are minor. The rating on this 
criterion is high. 

Exposures after remedial action 

Because the system will not finish cleanup before its 30-year 
op erat iona l life is over (as with a 11 the southern treatment 
Alternatives S-4 through S-12) the rating is again low. 

The public health protection afforded by Alternative S-5 is moderate. 
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Alternative S-6: Deep \~ell Extraction/Chemical Oxidation/Creek 
Outfall/Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

Alternative S-6 is functionally equivalent to alternative S-4 
since the only change, from carbon adsorption to chemical 
oxidation, does not affect any of the exposure routes. The 
rating on this criterion is moderate. 

o Exposures during remedial action 

The only exposure routes are via contaminated irrigation water 
and the chance of a truck accident releasing hydrogen 
peroxide. As neither of these pose a significant exposure, 
the evaluation of this criterion is high. 

o Exposures after remedial action 

Like Alternative S-4, this alternative only intercepts the 
advance of the p lurne and may leave a significant quantity of 
groundwater contamination in place after thirty years; the 
evaluation of this criterion is low. 

The public health protection afforded by Alternative S-6 is moderate. 

Alternative S-7: Deep Well Extraction/Carbon Adsoption/Drain Fie ld/ 
Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

4400a 

Alternative S-7 is functioni)ly equivalent to Alternative S-4 
since the change from a creek outfall to a drainfield 
discharge does not affect the major release consideration, 
which is that contaminants are intercepted but not controlled 
at the source. The rating on this criterion is moderate. 
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0 Exposures during remedial action 

Like Alternative S-4, there are no significant exposure routes 
and the evaluation of this criterion is high. 

o Exposures after remedial action 

Because this alternative will leave significant residual 
contamination in groundwater upgradient of the interception 
wells, the evaluation of this criterion is low. 

The public health protection afforded by Alternative S-7 is moderate 
ove ra 11. 

Alternative S-8: Deep Well Extraction/Air Stripping /Drain Field/ 
Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

0 

0 

4400a 

Alternative S-8 contains the groundwater plume but does not 
clean up the source of the contaminants. The criterion is 
eva l uated as moderate. 

Exposures during remedial action 

Similar to Alternative S-5, the air-stripping treatment system 
gives lov,-level air emissions exposures, but these are not 
significant. The rating is high. 

Expos~res after remedial action 

Like all the southern plume interception systems 
(Alternatives S-4 through S-12) the exposure after the useful 
life of the remedial action will be as at present with 
residual groundwater contamination upgradient of the intercept 
wells. The rating on this criterion is again low. 

5-139 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The public health protection afforded by Alternative S-8 is moderate. 

Alternative S-9: Deep Well Extraction/Chemical Oxidation/Drain Field/ 
Alternate Water Supply/\.Jater Use Restrictions 

o Minimization or prevention of chemical releases 

Like all the southern area treatment alternatives, this 
alternative prevents the spread of chemical contamination but 
does not reduce releases from source areas. A moderate rating 
is given. 

o Exposures during remedial action 

Like Alternative S-6, the use of chemical oxidation adds only 
the minimal possibility of accidental release of hydrogen 
peroxide. The evaluation of this criterion is high. 

o Exposures after remedial action 

Like all the plume interception alternatives, the residual 
contamination at the end of the remediation period will 
present the same situation as at the beginning; the evaluation 
of this criterion is low. 

The public health protection afforded by Alternative S-9 is moderate. 
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Alternative S-10: Deep Well Extraction/Carbon Adsorption/ Recharge 

We 11 s/ Alternate Water Suppl y/\.J ate r Use Restrict ions 

o Minimization or prevention of chemical releases 

0 

Alternative S-10 is functionally equivalent to Alternative S-4 
since the change from a creek outfall to recharge wells does 
not affect any of the exposure routes. The migration of the 
released chemicals is prevented from proceeding beyond the 
interception wells but no reduction of releases from source 
areas is accolll)lished. The rating on this criterion is 
moderate. 

Exposures during remedial act ion 

A minor exposure remains from contaminated groundwater wells 
kept for irrigation, but because of the insignificance of the 
exposure route, the evaluation of this criterion is high. 

o Exposures after remedial action 

Because of the residual groundwater contamination which will 
remain at the end of remedial action, the evaluation of this 
criterion is low. 

The public health protection afforded by Alternat ive S-10 is moderate 
o ve ra 11. 

Alternative S-ll: Deep Well Extraction/Air Stripping/Recharge Wells / 
Alternate Water Supply/Water Use Restrictions 

o l·linimization or prevention of chemical releases 

4400a 

Alternative S-11 contains the groundwater plume, but 
accomplishes no cleanup of the source contaminants. The 
criterion is evaluated as moderate. 
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0 

0 

Exposures during remedial action 

Like Alternative S-5, this alterative may result in minor 
exposures from contaminated irrigation water and low-level 
emissions from the air-stripping treatment system. The 
evaluation is high. 

Exposures after remedial action 

The exposure after the useful life of the remedial action will 
be as at present because the groundwater contamination will 
still be present after 30 years. The rating on this criterion 
is again low. 

The public health protection afforded by Alternative S-11 is moderate. 

Alternative S-12: Deep Well Extraction/Chemical Oxidation/Recharge 
Wells/Alternate Water Supply/Water Use Restrictions 

0 

0 

4400a 

Minimization or prevention of chemical releases 

This alternative prevents the spread of contaminants beyond 
the interception system, but does not prevent additional 
releases from the source areas. The rating on this criterion 
is moderate. 

Exposures during remedial action 

Alternative S-12 has minor exposure possibilities from 
irrigation water or accidental release of hydrogen peroxide. 
The evaluation of this criterion is high. 
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o Exposures after remedial action 

Because of the groundwater contamination which remains at the 
end of the remediation period, the evaluation of this 
criterion is low. 

The public health protection afforded by Alternative S-12 is moderate. 

5.5.2 Western Area Alternatives 

A 1 tern at i ve \~ - 1 : No Act ion 

o Minimization or prevention of chemical releases 

The no action alternative does not minimize or prevent any 
chemical releases from the source areas in the vicinity of the 
landfill. The evaluation of Alternative W-1 on this criterion 
is 1 ow. 

o Exposures during remedial action 

The no-action alternative will result in continued exposure of 
increasing numbers of people to contaminant concentrations 
above the acceptable levels determined in the Risk 
Assessment. The rating of the alternative on this criterion 
is low. 

o Exposures after remedial action 

4400a 

The fact that no remedial action occurs in this alternative 
means that the public health situation will remain the same 
until such time as the groundwater system remediates itself 
through natural flushing. The rating is, therefore, low on 
this criterion. 
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The public health protection afforded by Alternative W-1 is therefore 
low. 

Alternative W-2: Alternate Water Supply/Water Use Restrictions 

0 

0 

0 

Minimization or prevention of chemical releases 

Simply supplying alternative water supply to the Western Area 

will not prevent any releases of the chemical contaminants. 
The rating is low. 

Exposures during remedial action 

Installation of alternate water supplies will protect the 
residents in the Western area from exposure to contaminated 
drinking water. It will not release any additional chemical 
contaminants via other pathways. The rating is therefore high 
on this criterion. 

Exp.osures after remedi a 1 act ion 

After installation of the alternate water supply, exposures 
will be minimized. Minor exposures will remain possible via a 
few mechanisms, including ingestion of well water which has 
been kept in service for use as irrigation supplies or through 
contact with contaminated water at spri rY::JS or as it enters 
surface waters in the area (mainly the Little Spokane River). 
The rating is therefore moderate. 

The public health protection afforded by Alternative W-2 is, overall, 
mode rate. 
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Alternative W-4: Deep Well Extraction/Carbon Adsorption/River Outfall/ 
Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

This alternative restrains the plume from proceeding further 
west but does not prevent the chemicals from exiting the 
source areas further east. The evaluation on this criterion 
is moderate. 

o Exposures during remedial action 

This alternative does an excellent job of preventing public 
exposure to the contaminants in the lower aquifer. A minor 
exposure route is via contaminated water from wells kept in 
use for irrigation. The rating on this criterion is high. 

o Exposures after remedial action 

Because this alternative merely intercept$ contaminated 
groundwater and does not reduce releases upgradient in the 
source area, contaminated groundwater will remain after the 
useful life of this system. Thus, the potential for exposures 
remains. The evaluation on this criterion is low. 

The public health protection afforded by Alternative W-4 is moderate. 

Alternative W-5: Deep We 11 Extraction/ Air Stripping/River Outf a 11/ 
Alternate Water Supply;\,/ater Use Restrictions 

o Minimization or prevention of chemical releases 

4400a 

Alternative W-5 prevents the spread of contaminants but does 
not minimize their release from the source area. The rating 
is moderate. 
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0 

0 

Exposures during remedial action 

By using air stripping, low levels of air contaminants are 
released along with the exposures possible from contaminated 
irrigation water. Both of these routes of exposure are judged 
to be insignificant. The rating on this criterion is high. 

Exposures after remedial action 

Because the system does not clean up source materials and the 
same groundwater contamination situation remains at the end of 
its operational life, the rating is low. 

The public health protection afforded by Alternative W-5 is moderate. 

Alternative W-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

0 

0 

4400a 

Minimization or prevention of chemical releases 

Alternative W-6 is the same as Alternative W-5 except that 
carbon adsorption is used as a follow-up treatment of the 
water after the air stripping process. Chemical releases are 
prevented from migrating further to the west, but are not 
minimized in the source areas to the east. The alternative 
receives a moderate rating on this criterion. 

Exposures during remedial action 

Like Alternative W-5, insignificant exposures will occur via 

air emissions and irrigation water. Alternative W-6 has a 
moderate rating on this criterion. 

5-146 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 Exposures after remedial act ion 

As with all the plume containment alternatives, the residual 

groundwater contamination causes the after-remediation 

exposure criterion to be rated low. 

The overall public health protection afforded by Alternative W-6 is 
moderate. 

Alternative W-7: Deep Well Extraction/Chemical Oxidation/River Outfall/ 

Alternate Water Supply/Water Use Restrictions 

0 

0 

0 

Minimization or prevention of chemical releases 

Alternative W-7 prevents only the spread of contamination, not 

its release from the source areas. The rating on this 

criterion is moderate. 

Exposures during remedial action 

Minor exposures, from accidental spillage of hydrogen peroxide 
or contaminated irrigation water, are insignificant. The 

criterion receives a high rating. 

Exposures after remedial action 

Because of the residual groundwater contamination at the end 

of the project life, the evaluation of this criterion is low. 

The public health protection afforded by Alternative W-7 is moderate. 
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5.5.3 Eastern Area Alternatives 

Alternative E-1 - No Pction 

0 

0 

0 

Minimization or prevention of chemical releases 

Like the other no-action alternatives (S-1 and W-1) 
Alternative E-1 does nothing to prevent chemical releases, and 
so has a low rating on this criterion. 

Exposures during remedial action 

Alternative E-1 differs from the other no-action alternatives 
in not exposing a widening population with increasing 
contaminant concentrations from the further spread of a 
groundwater contamination plume. Even so, some residents may 
not receive a necessary alternate source of water. The rating 
is low for this reason. 

Exposures after remedial action 

Some private and purveyor water supply wells may become 
contaminated by expansion of the existing plume in the eastern 
area. As no alternate source of water is provided, a low 
rating is given. 

The public health protection afforded by this alternative is low. 

Alternative E-2: Alternate Water Supply/Water Use Restrictions 

0 

4400a 

l~inimization or prevention of chemical releases 

Simply supplying an alternate supply of water to this area 

will not prevent any releases of the chemical contaminants. 
The evaluation is, therefore, low. 
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0 

0 

Exposures during re media 1 act ion 

Installation of alternate water supplies will protect the 

residents in the eastern area from exposure to contaminated 

drinking water. It will not release any additional chemical 

contaminants via other pathways. The rating ·is therefore high 

on this criterion. 

Exposures after remedial action 

After installation of the alternate water supply, exposures 

will' be minimized. Minor exposures will remain possible via a 

few mechanisms, including ingestion of contaminated well water 

which has been kept in service for use as irrigation 
supplies. Because of the lack of a significant exposure 
route, the rating on this criterion is high. 

The public health protection afforded by Alternative E-2 is, overall, 
high. 

Alternative E-4: Deep Well Extraction/Carbon Adsorption/River Outfall / 

Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

0 

4400a 

Extraction of contamination in the area of the secondary 

source materials will result in an actual minimization, and 
ultimately prevention, of chemical releases from this area. 

The rating on this criterion is therefore high. 

Exposures during remedial action 

The treatment system gives little opportunity for exposures to 

occur. The rating is therefore high in this regard. 
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0 Exposures after remedial action 

The eastern area remedial actions (E-4 through E-7) differ 
from those in the south (S-4 through S-12) and the west (W-4 
through W-7) in that at the end of the project life there may 
actually be some reduction in the concentrations of 
contaminants leaving the source areas. Thus the exposure 
level after the remediation is reduced and the rating is high. 

The public health protection afforded by Alternative E-4 is high. 

Alternative E-5: Deep Well Extraction/Air Stripping/1-<iver Outfall/ 
Alternate Water Supply/Water Use Restrictions 

0 

0 

Minimization or prevention of chemical releases 

Similar to Alternative E-4, this alternative will serve to 

reduce chemical releases at the source, so that the rating on 
this criterion is high. 

Exposures during remedial action 

Alternative E-5 is the same as E-4 except for the change in 
treatment technology, from carbon adsorption to air 
stripping. The potential low-level air emissions are an 
insignificant route of exposure. The rating is therefore high. 

o Exposures after remedial action 

Like Alternative E-4, this action has the potential of 
reducing source area contamination levels and therefore the 
exposures which may remain after the useful life of the 
remedial action. The rating is therefore high. 

The public health protection afforded by Alternative E-5 is high. 
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Alternative E-6: Deep Well Extraction/Air Stripping and Carbon 

Adsorption/River Outfall/Alternate Water Supply/Water Use Restrictions 

o Minimization or prevention of chemical releases 

Like all the eastern area Alternatives (E-4 through E-7), this 

alternative will serve to reduce chemical releases at the 

source, so that the rating on this criterion is high. 

o Exposures during remedial action 

Alternative E-6 is the same as E-5 except for the addition of 

a carbon adsorption unit to the air stripping unit. This does 

not change the exposure routes, which remain insignificant. 
The rating is therefore high. 

o Exposures after remed i a 1 action 

Like Alternative E-4, this action has the potential of 

reducing source area contamination levels and therefore the 

exposures which may remain after the useful life of the 

remedial action. The rating is therefore high. 

The public health protection afforded by Alternative E-6 is high. 

Alternative E-7: Deep Well Extraction/Chemical Oxidation/River Outfall / 

Alternate Water Supply/Water Use Re.strictions 

o Minimization or prevention of chemical releases 

4400a 

Like all the eastern area Alternatives (E-4 through E-7), this 

alternative will serve to reduce chemical releases at the 

source, so that the rating on this criterion is high. 
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0 

0 

Exposures during remedial action 

Like Alternative E-4, the treatment technology will result in 
no potential exposures to the contaminants, except for an 
insignificant chance of accidental releases of hydrogen 
peroxide. The rating remains high. 

Exposures after remedial action 

Like Alternative E-4, this action has the potential of 
reducing source area contamination levels and therefore the 
exposures which rnay remain after the useful life of the 
remedial action. The rating is therefore high. 

The public health protection afforded by Alternative E-7 is high. 

5.5.4 Summary of Public Health !~acts Analysis 

Table 5-5 is included here as a synopsis of each of the aspects 
affecting the various criteria, the ratings for the criteria, and the 
overall ratings for public health impacts. 

5.6 COST ANALYSIS 

The detailed cost analysis consists of the three steps as specified in 
the EPA Guidance on Feasibility Studies under CERCLA (EPA 1985a): 
estimation of costs, present worth analysis, and sensitivity analysis. 
The development of conceptual level cost estimates is based on the 
conceptua 1 engineering performed for each remedi a 1 alternative as 
presented in Section 4.0 • . The cost estimates presented in this section 
are expressed in 1986 dollars and include capital costs and annual 
operation and maintenance costs. The cost estimates are accurate to 
within -30 percent and +50 percent of the final project cost as per the 
Guidance Document. 
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Remedial Alternatives 

SOUTHERN AAEA: 

S-1: No action 

S-2: · Alternate water 
supply/water use 
restrictions 

S-4: Ueep well extraction/ 
carbon absorption/ 
creek outfall 

• - -
Minimization or 
Prevent ion of 

Chemical Releases 

No minimization of 
releases. 

Low 

No minimization of 
releases. 

Low 

Prevention of contami
nate plume migration. 

Moderate 

S-5: Deep well extraction/ Same as S-4. 
air stripping/creek 
outfa 11 

Hoderate 

S-6: Deep well extraction/ Same as S-4. 
chemical oxidation/ 
creek out fa 11 

Moderate 

S-7: Ueep well extraction/ Same as S-4. 
carbon absorption/ 
drainfield Moderate 

440!>a 
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TABLE 5-5 

SlJlotiARY OF PUBLIC HEALTH EVALUATION 

Criterion 
Exposures 

Uuring Remedial 
Act ion 

Exposures 
After Remedial 

Act ion 

Ill 1111 

Contaminated water 
supplies. 

Contaminated water supplies. 

Low 

Uncontaminated water 
supplied to residents. 

High 

Irrigation water in 
area of contained 
plume. 

High 

Low 

Possible through irrigation 
water or seepage to surface 
water. 
Moderate 

Groundwater contamination 
remains at end of opera
tional life of treatment 
system. 
Low 

Low-level air emis- Same as S-4. 
sions. Irrigation 
water in area of plume. 
High Low 

Irrigation water in Same as S-4. 
area of plume. Hydro-
gen peroxide spillage 
in accident. 
High Low 

Same as S-4. Same as S-4. 

High Low 

Ill 

Overall 
Rating 

Low 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

• - - • 
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1A8L[ 5-5 (Cont.) 

SUMMARY OF PUBLIC HEALTH EVALUATION 

Criterion 
Wemedial Alternatives Minimization or Exposures Exposures 

Prevention of Uuring Remedial After Remedial Over a 11 
Chemical Releases Action Action Rating 

S-8: Ueep well extraction/ Same as S-4. Same as S-5. Same as S-4. Moderate 
air stripping/ 
drainfield Moderate High Low 

S-9: Ueep well extraction/ Same as S-4. Same as S-6. Same as S-4 Moderate 
chemical oxidation/ 
drainfield Moderate High Low 

S-10: Ueef well extraction/ Same as S-4. Same as S-4. Same as S-4. Moderate 
u, car on absorption/ 
I recharge we 11 s Moderate High Low 

I-' 
u, 
+:> 

S-11: Ueep well extraction/ Same as S-4. Same as S-5. Same as S-4. Moderate 
air stripping/ 
recharge wells Moderate High Low 

S-12: Ueep well extraction/ Same as S-4. Same as S-6. Same as S-4. Moderate 
chemical oxidation/ 
recharge wells ~loderate High Low 
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TABLE ~-5 (Cont.) 

SUMMARY OF PUBLIC HEALTH EVALUATION 

Criterion 
Remedial Alternatives Minimization or Exposures Exposures 

Prevention of Uuring Remedial After Remedial Overall 
Chemical Releases Act ion Action Rating 

WES rEHN AA[A 

W-1: No action No minimization of Contaminated water Contaminated water supplies. Low 
releases. supplies. 

Low Low Low 

W-2: Alternate water No minimization of Uncontaminated water Irrigation water. Contami- Moderate 
supply/water use releases. supplied to residents. nated surface water. 
restrict ions 

(.11 Low High Moderate 
I 

,--,. 
(.11 
(.11 W-4: Ueep well extraction/ Prevention of contami- Irrigation water in area Groundwater remains contami- Moderate 

carbon absorption/ nate plume irrigation. of plwne. nated ahead of interception 
river outfa 11 system. 

Moderate High Low 

W-5: Ueep well extraction/ Same as W-4. Low-level air emissions. Same as W-4. Moderate 
air stripping/river Irrigation water. 
out fa 11 Moderate High Low 

IJ-6: Deep well extraction/ Same as IJ-4. Same as W-!i. Same as W-4. Moderate 
air stricping and 
carbon a sorption/ Moderate High Low 
river outfa 11 

W-7: Ueep well extraction/ Same as W-4. Irrigation water. Acci- Same as IJ-4. Moderate 
chemical oxidation/ dental spillage of hy-
river outfall drogen peroxide. 

Moderate High Low 
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Remedial Alternatives 

EASTERN AREA 

E-1: No action 

E-2 : Alternate water 
supply/water use 
restrictions 

E-4: Ueep well extraction/ 
carbon absorption/ 
river out fa 11 

E-5 : Ueep well extraction/ 
air stripping/river ' 
outfa 11 

E-6: Ueep well extraction/ 
air stripping and 
carbon absorption/ 
river out fa 11 

E-7: Ueep well extraction/ 
ch~nical oxidation/ 
river outfall 

44Uba 

• • 

Minimization or 
Prevent ion of 

Chemical Releases 

-

No minimization of 
releases. 

Low 

No minimization of 
releases. 

Low 

Reduction of source 
material and releases. 

High 

Same as E-4. 

High 

Same as E-4 . 

High 

Same as E-4. 

High 

- 1111 • - - • 1111 • 
TABLE 5-b (Cont.) 

SUMMARY OF PUBLIC HEALTH EVALUATION 

Criterion 
Exposures 

Uur ing Remed i a 1 
Action 

Contaminated water 
supplies. 

~loderate 

Uncontaminated water 
supplied to residents. 

High 

Irrigation water in 
area of conta~inated 
plume. 
High 

Low-level air emis
sions. Irrigation 
water. 
High 

Same as E-5. 

High 

Accidental release of 
hydrogen peroxide. 
Irrigation water. 
High 

Exposures 
After Remedial 

Action 

Contaminated water supplies. 

Moderate 

Over a 11 
Rating 

Moderate 

Contaminated irrigation water High 
in area of plume. 

High 

Lowered release rates from 
source area. 

High 

Same as E-4. 

High 

Same as E-4 

High 

Same as E-4. 

High 

High 

High 

High 

High 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.6.1 Capital Costs 

All important facilities/equipment and construction features identified 
in the conceptual design were quantified and used in estimating the 
capital costs. The total capital costs were developed into two major 
categories: direct costs and indirect costs. The major direct capital 
costs include such items as site preparation, construction, well 
drilling, equipment, buildings, manifolds, and services costs. 
Materials, equipment, and installation costs for each remedial 
alternative were derived from literature sources, vendor quotes, and 
previous studies. Table 5-6, which is placed at the end of this 
section, includes a su11111ary of the capital cost estimates i ncluding 
both direct and indirect capital costs. An itemized breakdown of the 
capital cost estimates for the remedial alternatives is presented in 
Appendix G by major cost components. 

The indirect capital costs include engineering, design, administration 
and inspection expenses, contingency allowances, and Washington State 
sales tax, preparation of permit-equivalent information, and in some 
cases, shakedown. The assumptions used for indirect capital costs 
estimates are as follows: 

0 

0 

0 

4400a 

Contingency allowances: 5 - 20 percent of Total Direct 
Construction Cost, depending on how well the technologies 
involved are established and the uncertainties involved in 
implementation. 

Engineering and design expenses: 5 - 12 percent of Total 
Direct Construction Cost, depending on the complexity of the 
technology and ancillary equipment needs. 

Administration and inspection expenses: 4 - 5 percent of 
Total Direct Construction Cost. 
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0 

0 

0 

Washington State sales tax: 7.55 percent of Total Direct 
Construction Cost plus contingency allowances. 

Permit-Related Costs: 0.5 - 2 percent of Total Direct 
Construction Cost. 

Shakedown Costs: 1 - 2 percent of Total Direct Construction 
Cost, added if the process requires preliminary adjustments in 
operation. 

5.6.2 Annual Operation and Maintenance Costs 

The annual operations costs for each cost component were developed 
based on estimated power demand, material and chemical quantities, and 
sampling and analysis requirements. Unit cost rates provided by 
vendors were used to estimate some of these operation costs. The 
annual maintenance costs were developed based on equipment replacement 

schedules and servicing requirements, and general maintenance 
activities. 

An itemized breakdown of the annual operation and maintenance cost 
estimates for the remedial alternatives is presented in Appendix G. 
The total estimated annual operation and maintenance costs and years 
incurred are also summarized in Table 5-6. 

5.6.3 Present Worth 

Present worth analysis is used to evaluate the capital and operation 
and maintenance costs that occur over different time periods of the 
remedial alternatives by discounting all future costs to a common 
monetary basis, the present worth. This allows the costs of the 
various alternatives to be compared on the basis of a single total cost 
figure representing the amount of money, that, if invested in the base 
year and expended as needed, would be sufficient to cover all costs 
associated with the remedial action over its planned life. The present 
worth of an alternative is computed according to the following formula: 

4400a 
5-158 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 

i = 10 percent 
PW= (PWF ) (0 + M) + TCC 

n = 30 Yrs 

Where: 

PW = present worth 

PWF = present worth factor for an interest rate of 10 percent and a 
period of thirty years (9,427) 

0 = annual operation cost 
M = annual maintenance cost 
TCC = total capital cost 

The PWF is a function of the interest rate and the time period. An 
interest rate of 10 percent and a time period of 30 years was used to 
develop the present worth according to the EPA Guidance Document (EPA 
1985a). It should be noted that no inflation factor has been 
considered in the operation and maintenance cost. Table 5-6 presents a 
summary of the present worth of each of the remedial alternatives 
including its capital cost and the present worth of its operation and 
maintenance cost. 

5.6 . 4 Sensitivity Analysis 

A sensitivity analysis may be conducted to assess the effect that 
assumptions associated with the design, implementation, operation, 
interest rate, and effective life can have on the estimated costs of 
the alternatives. These assumptions depend on the accuracy of the data 
developed during the remedial investigation and on prediction of the 
future behavior of the remedial technology and are subject to varying 
degrees of uncertainty. The sensitivity of the costs to these 
uncertainties can be evaluated by varying these assumptions and noting 
the effect on estimated costs. 
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At the Colbert site, the largest uncertainties which affect the cost 

estimates are the groundwater pumping rates to achieve the appropriate 

gradient modification, the contaminant concentrations in the extracted 
water, and the projected extent of contaminant migration. Slightly 
conservative estimates of all these parameters were made to obtain 
equally conservative cost estimates. It was felt, however, that a 
sensitivity analysis of these parameters would not be useful. First, 
the cost estimates are intended to be accurate within -30 to 
+50 percent of the actual cost; the cost differences due to adjusting 
the above parameters by a factor of ~10 percent would be hidden by the 
larger uncertainties in the original cost estimates. Second, many of 
the alternatives contain common components so that adjustment of one 
parameter would produce nearly equal changes in the costs of all the 
similar alternatives. Thus, a sensitivity analysis based on variation 
of remediation parameters would not assist in distinguishing 
alternatives based on cost or assist in more accurately predicting 
actual cost, and was not performed. 

Sensitivity of the present worth of the operation and maintenance costs 

to interest rates 4 percent, 7 percent, and 10 percent was conducted 
and is also summarized in Table 5-6. As shown, the present worth of 
each alternative increases as the interest rate decreases since the 
higher the interest rate, the less money is needed initially to finance 
the annual operation and maintenance costs over the 30 years. The use 
of lower interest rates may also be interpreted as an inclusion of 
inflation rates. For example, a 7 percent interest rate may be 
interpreted as a 10 percent time value of money with a 3 percent 
inflation rate. The present worth of remedial alternatives with high 
annual operation and maintenance costs compared to capital cost are 
more sensitive to interest rates than those with low operation and 

maintenance costs relative to capital costs. This fact indicates that 
if lnflation is considered significant, alternatives with high 
operation and maintenance costs become less attractive economically. 

4400a 
5-160 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.6.5 Summary of Cost Estimates 

Table 5-6 presents a summary of the cost estimates for the final 

candidate Remedial Alternatives. The costs of the major c6~onents of 

each alternative are listed. The chemical oxidation alternatives 

include two costs, one for ozone/UV and one for hydrogen peroxide/UV. 
Capital costs, operation and maintenance costs and the years in which 
they are incurred, and present worth values for interest rates of 4, 7, 
and 10 percent are presented. Details of the costs may be found in 
Append ix G. 

5.7 SUM·lARY OF DETAILED EVALUATION 

The results of the detailed evaluation of alternatives presented in 

Sections 5.1 through 5.6 are combined in Table 5-7. The results of the 
noncost evaluations are sull1ilarized for each alternative using the 

high-moderate-low rating system. The results of the cost evaluation 

are summarized in total present worth dollars for a 30-year project 

1 if e at a 10 percent discount rate. This summary of the deta i 1 ed 

evaluation is utilized in Chapter 6.0 to perfonn the final ranking of 
alternatives. 
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TABLE 5-6 

SUMMARY OF COST ESTIMATES 

Capita 1 Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1,000)-----------------

Cost Component ($1,000) ($1,000/yr) Incurred 4'1. 7'1. 10% 

Southern Area 

S-1: Ho Action 

Monitoring 0 26.25 1-30 454 326 247 
Colbert Extension 330 1.6 1-30 358 350 345 

Total 812 676 592 

S-2: Alternate Water Supply/Water 
Use Restrictions 

Monitoring Wells and Monitoring 40.7 18. 2 1-15 530 349 254 
36.4 16-30 

u, .Colbert Ex tens ion 330 1.6 1-30 358 350 345 
I Expansion of System 9 

I-' 
16,720 81. 1 1-30 18,139 17,726 17,485 

0) 

N Tota 1 19,030 18,430 18,080 

S-4: Deep Well Extraction/carbon 
Adsorption/Creek Outfall 

Monitoring Wells and Monitoring 30.5 18.9 1-30 357 265 209 
Alternate Water Supply 1,694 8. 1 1-30 1,835 1,795 1,771 
Deep Extraction Wells 239 6.3 1-30 393 349 321 

16 5, 10,15,20,25 
Collection Manifold 75 0 75 75 75 
Carbon Adsorption Facility 319 142.5 1-30 2,796 2,098 1,671 

5.9 1 
2.4 5, 10, 15,20,25 

Creek Outfa 11 40.7 .5 1-30 58.7 53.5 50.3 
3.0 5,10, 15,20,25 

Tota 1 5,515 4,636 4,097 
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TABLE 5-6 (Continued) 

SIJ,IMARY OF COST ESTIMATES 

Capita 1 Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1.000)-----------------

Cost Component ($1.000) ($1,000/yr) Incurred 4'/. 7'/. l O'/. 

Southern Area (Cont.) 

S-5: Deep Well Extraction/Air 
Stripping/Creek Outfall 

Monitoring Wells and Monitoring 30.5 18. 9 1-30 357 265 209 
Alternate Water Supply 1,694 8. 1 1-30 1,835 1. 795 1. 771 
Deep Extraction Wells 238 6.3 1-30 393 349 321 

16 5.10.15.20.25 
Collection Manifold 75 0 75 75 75 
Air Stripping Facility 149.8 31. 5 1-30 710 553 457 

4.7 I 
2. 1 5.10.15.20.25 
1.0 15 

Creek Outfall 40.7 0.5 1-30 58.7 53.5 50.3 
u, 3.0 5,10. 15.20.25 I ...... 
O'I Total 3,429 3,091 2,883 w 

S-6: Deep Well Extraction/Chemical 
Oxidation/Creek Outfall 

Monitoring Wells and Monitoring 30.5 18.9 1-30 357 265 209 
Alternate Water Supply 1,694 8. 1 1-30 1,835 1. 795 1. 771 
Deep Extraction Wells 238 6.3 1-30 393 349 321 

16 5,10. 15.20.25 
Collection Manifold 75 0 75 75 75 
Chemical Oxidation Facility 

Ozone/UV 578 71.3 1-30 1. 841 1,485 1,268 
2.6 1 
4. 1 5, 10. 15. 20. 25 

Hydrogen Peroxide/UV 838 398. 1 1-30 7. 726 5,782 4,595 
2.6 1 

Creek Outfall 40.7 0.5 1-30 58.7 53.5 50.3 
3.0 5, 10. 15,20,25 

Total - Ozone/UV 4,560 4,023 3,694 
Hydrogen Peroxide/UV 10.445 8,319 7,021 
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TABLE 5-6 (Contfnued) 

SU-IMARY OF COST ESTIMATES 

Capita 1 Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years ---- --------- - ---($1,000) -----------------

Cost Component ($ J ,000) ( $1, 000/yr l Incurred 4% 7% 10% 

Southern Area (Cont.) 

S-7: Deep WeJl Extractfon/Carbon 
Adsorption/Ora infield 

~lonitoring Wells and Monitoring 30.5 18. 9 1- 30 357 265 209 
Alternate Water Su~~ly 1,694 8. l l-30 1,835 1,795 l, 771 
Deep Extraction We s 238 6.3 l-30 393 349 321 

16 5, 10, 15,20,25 
Collection Manifold 80 0 80 80 80 
Carbon Adsorption Facility 325. 5 173.4 1- 30 3,339 2,489 1,970 

5. 9 l 
3.0 5, 10, l 5,20,25 

Ora infie Jd 61.6 .63 1-30 72 . 5 69.4 67.5 

tn Total 6,077 5,048 4,419 
I ...... S-8: Deep WelJ Extraction/Air O'I 

.p. Stripping/Drainfield 

Monitoring Wells and Monitoring 30. 5 18. 9 1-30 357 265 209 
Alternate Water Su~~ly 1,694 8. 1 1-30 1,835 1. 795 1,771 
Deep Extraction We s 238 6.3 1-30 393 349 321 

16 5, 10,15,20,25 
Collection Manifold 80 0 80 80 80 
Air Stripping Facility 171 38. 8 1-30 859 665 547 

4. 7 1 
2.4 5, 10, 15,20,25 
1.0 15 

Ora infield 61.6 .63 1- 30 72. 5 69. 4 67.5 

Total 3,606 3,224 2,996 
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TABLE 5-6 (Continued) 

SUMMARY OF COST ESTIMATES 

Capita 1 Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years ---- - -- ----------($1,000)-----------------

Cost Component ($1,000) ($1,000/yr) Incurred 4'/. 7'/. 10% 

Southern Area (Cont.) 

S-9: Deep Well Extraction/Chemical 
Oxidation/Drainfield 

Monitoring Wells and Monitoring 30.5 18. 9 1-30 357 265 209 
Alternate Water Supply 1,694 8. 1 1-30 1,835 1,795 1, 771 
Deep Extraction Wells 238 6.3 1-30 393 349 321 

16 5, 10, 15,20,25 
Collection t-lanifold 80 0 80 80 80 
Chemical Oxidation Facility 

Ozone/UV 752 107.5 l-30 2,631 2, 101 1,778 
2.6 1 

(.Tl 
5.4 5, 10,15,20,25 

I Hydrogen Peroxide/UV 1,043 611.4 l-3~ 11,710 8,701 6,862 
..... .7 
O'I Drainfield 61.6 .63 l-30 72.5 69.4 (.Tl 67.5 

Total - Ozone/UV 51369 4,660 4,227 

Hydrogen Peroxide/UV 14,450 11,257 9,311 

S-10: Deep Well Extraction/Carbon 
Adsorption/Recharge Wells 

Monitoring Wells and Monitoring 30.5 18. 9 1- 30 357 265 209 
Alternate Water Supply 1,694 8. 1 1-30 1,835 1,795 1,771 
Deep Extraction Wells 238 6.3 1-30 393 349 321 

16 5, 10, 15,20,25 
Collection Manifold 80 0 80 80 80 
Carbon Adsorption Facility 325.5 173.4 1-30 3,339 2,489 1,970 

5.9 1 
3.0 5, 10, 15,20,25 

Distribution Manifold 67.4 0 67.4 67.4 67.4 
Recharge We 11 s 185.5 8.0 1-30 323. 8 284.8 260.9 

Total 6,395 5,330 4,679 
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Remedial Alternative 
Cost Component 

S-ll: Deep Well Extraction/Air 
Stripping/Recharge Wells 

Monitoring Wells and Monitoring 
Alternate Water Supply 
Deep Extraction Wells 

Collection Manifold 
Air Stripping Facility 

Distribution Manifold 
Recharge Wells 

Total 

!, S-12: Deep Well Extraction/Chemical 
O~idation/Recharge Wells O'I 

O'I 

4434a 

Monitoring Wells and Monitoring 
Alternate Water Supply 
Deep Extraction Wells 

Collection Manifold 
Chemical Oxidation Facility 

Ozone/UV 

Hydrogen Peroxide/UV 

Distribution Manifold 
Recharge Wells 

Total - Ozone/UV 

Hydrogen Peroxide/UV 

. . . . - .. • - .. - .. 
Capital 
Cost 

($1,000) 

30.5 
l,694 

238 

80 
171 

67.4 
185.5 

30.5 
] ,694 

238 

80 

752 

1,043 

67. 4 
185.5 

TABLE 5-6 (Continued) 

SUMMARY OF COST ESTIMATES 

Operation and Maintenance Costs 
Annua 1 Cost Years 
($1,000/yr) Incurred 

18. 9 1-30 
8. 1 1-30 
6.3 1-30 

16 5, 10, 15,20,25 
0 

38.8 1-30 
4.7 1 
2.4 5, 10, 15,20,25 
1.0 15 
0 
8.0 1-30 

18. 9 1-30 
8. 1 1-30 
6.3 1-30 

16 5, 10, 15, 20, 25 
0 

107. 5 1-30 
4.7 l 
5.4 5, 10. 15,20,25 

616.4 l-30 
4.7 1 
0 
8.0 1-30 

Present Worth Versus Interest Rates 
-----------------($1,000)------ - - ---------

4'/. 7'/. l O'/. 

357 
] ,835 

393 

80 
859 

67.4 
323.8 

3,915 

357 
1,835 

393 

80 

2,631 

11,710 

67.4 
323.8 

5,587 

14,770 

265 
1. 795 

349 

80 
665 

67.4 
284.8 

3,506 

265 
1,795 

349 

80 

2,101 

8,701 

67.4 
284.8 

4,942 

11. 540 

209 
1. 771 

321 

80 
547 

67.4 
260.9 

3,256 

209 
1,771 

321 

80 

1,778 

6,862 

67.4 
260.9 

4,487 

9,571 
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TABLE 5-6 (Continued) 

SUMMARY OF COST ESTIMATES 

Capita I Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1,000)-----------------

Cost Component ($1,000) ($1,000/yr) Incurred 4% 7% JO% 

W-l: No Act ion 

Monitoring 0 13. l l-30 227 163 124 

Total 227 163 124 

W-2: Alternate Water Supply/Water Use 
Restrict ions 

Monitoring Wells and Monitoring 13. 2 5.6 l-30 110 83 66 
Expansion of System 8 2,798 13.6 l-30 3,033 2,967 2,926 

Total 3,143 3,050 2,992 
u, 
I W-4: Deep Well Extraction/Carbon Adsorption/ ,_. 

O"I River Outfall 
-...J 

Monitoring Wells and Monitoring 13. 2 2.8 1-30 61.6 47. 9 39.6 
Deep Extraction Wells 476 59.2 1-30 1,627 1,300 1,099 

44 5,10, 15,20,25 
Collection Manifold 87.2 0 87.2 87.2 87.2 
Carbon Adsorption Facility 892 4,176 l-30 73,142 52,742 40,282 

5.9 1 
10.8 5,10,15,20,25 

River Outfall 65.3 0.6 1-30 84.9 79.2 75.7 
3.0 5, l0, 15,20,25 

Total 75,000 54,260 41,580 

W-5: Deep Well Extraction/Air Stripping 
River Outfall 

Monitoring Wells and Monitoring 13. 2 2.8 1-30 61.6 47.9 39.6 
Deep Extraction Wells 476 59.2 1-30 1,627 1,300 1,099 

44 5, 10,15,20,25 
Collection Manifold 87.2 0 87.2 87.2 87.2 
Air Stripping Facility 377 48.2 l-30 1,236 993 846 

4.7 1 
5.4 5, 10, 15,20,25 
1.0 15 

River Out fa 11 65.3 0.6 l-30 84.9 79.2 75.7 
3.0 5, 10, 15,20,25 

Tota I 3,097 2,507 2,148 

--- ---



-------············ 
TABLE 5-6 (Continued) 

SUMMARY OF COST ESTIMATES 

Capital Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1,000)--------- --------

Cost Component ($1,000) ( $1, 000/yr) Incurred 4% 7% 10% 

W-6: Deep Well Extraction/Air Stripping 
and Carbon Adsorption/River Outfall 

Monitoring Wells and Monitoring 13. 2 2.8 l-30 61.6 47.9 39.6 
Deep Extraction Wells 476. 59.2 l-30 1,627 1,300 1,09g 

44 5, 10,15,20,25 
Collection Manifold 87.2 0 87.2 87.2 87.2 
Combined Treatment Facility 1, 173 2,157 1-30 38,530 27,980 21,540 

16.2 5, 10, 15,20,25 
7. 1 1 
1.0 15 

River Out fa 11 65.3 0.6 1-30 84.9 79.2 75.7 
· 3.0 5,10, 15,20,25 

Total 4.0,390 29,490 22,840 
(..11 

I ...... W-7: Deep Well Extraction/Chemical 
O'I 
CX) Oxidation/River Outfall 

Monitoring Wells and Monitoring 13.2 2.8 l - 30 61.6 47. 9 39.6 
Deep Extraction Wells 476 59.2 l-30 l, 627 1,300 l ,099 

44 5, 10, 15,20,25 
Collection Manifold 87.2 0 87.2 87.2 87.2 
Chemical Oxidation Facility 

Ozone/UV l, 700 342.2 l-30 7,667 5,983 4,954 
4.7 l 

15.8 5, l0, 15,20,25 
Hydrogen Peroxide/UV 1,619 l, 320 l-30 24,450 18,000 14,070 

4.7 l 
River Outfall 65.3 0.6 l-30 84.9 79.2 75. 7 

3.0 5, 10, 15,20,25 

Total - Ozone/UV 9,528 7,497 6,256 

- Hydrogen Peroxide/UV 26,310 19,514 15,370 

Eastern Area 

E-1: No Action 

Monitoring 0 13. l l-30 227 163 124 
Colbert Extension l ,320 6.4 l-30 1,431 1,399 1,380 

Total l,658 1,562 l, 504 
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TABLE 5-6 (Continued) 

SlJIMARY OF COST ESTIMATES 

Capital Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1,000)-----------------

Cost Component ($1,000) ($1,000/yr) Incurred 4% 7% l 0% 

E-2: Alternate Water Supply/ 
Water Use Restrictions 

Monitoring 0 18.2 l-30 315 226 172 
Colbert Extension 1,320 6.4 1-30 1,431 1,399 1,380 
Expansion of System 9 1,219 12.9 l-30 1,446 1,380 .!..ili! 

Total 3,192 3,005 2,893 

E-4: Deep Well Extraction/Carbon 
Adsorption/River Outfall 

Monitoring 0 18. 2 l-30 315 226 172 
Colbert Extension 1,320 6.4 l-30 1,431 1,399 1,380 
Expansion of System 9 1,219 12.9 l-30 1,446 1,380 l, 341 

u, Deep Extraction Wells 344 23.7 1-30 843.8 701.3 613.8 
I ,_. 31.2 5, l 0, 15, 20, 25 

0) Collection Manifold 166. l 0 166. l 166. l 166. l 
\0 

Carbon Adsorption Facility 622 l, 940 1-30 34,232 24,712 18,922 
5.6 l 
6.0 5, 10, 15,20,25 

River Outfa 11 59.3 0.6 1-30 78.4 72.9 69.5 
3.0 5, l0, 15,20,25 

Total 38,510 28,655 22,660 

E-5: Deep Well Extraction/Air Stripping/ 
River Outfall 

Monitoring 0 18. 2 1-30 315 226 172 
Colbert Extension 1,320 6.4 1-30 1,431 1,399 1,380 
Expansion of System 9 1,219 12. 9 1-30 1,446 1,380 1,341 
Deep Extraction Wells 344 23.7 1-30 843.8 701.3 613.8 

31.2 5, 10,15,20,25 
Collection Manifold 166. l 0 166. l 166. l 166. l 
Air Stripping Facility 282 31. 9 1-30 855 694 595 

4.7 l 
4.0 5, 10, 15,20,25 
1.0 15 

River Outfall 59.3 0.6 1-30 78.4 72.9 69.5 
3.0 5, 10, 15,20,25 

Total 5, 131 4,637 4,337 
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TABLE 5-6 (Continued) 

SUMMARY OF COST ESTIMATES 

Capita 1 Oeeration and Maintenance Costs Present Worth Versus Interest Rates 
Remedial Alternative Cost Annual Cost Years -----------------($1,000)-----------------

Cost Component ($1,000) ( $1, 000/yr) Incurred 4% 7% 10% 

E-6: Deep Well Extraction/Air Stripping 
and Carbon Adsorption/River Outfall 

Monitoring 0 18.2 1-30 315 226 172 
Colbert Extension 1,320 6.4 1-30 1,431 1,399 1,380 
Expansion of System 9 1,219 12.9 1-30 1,446 1,380 1,341 
Deep Extraction Wells 344 23.7 1-30 843.8 701.3 613.8 

31.2 5,10,15,20,25 
Collection Manifold 166. 1 0 166. 1 166. 1 166. 1 
Combined Treatment Facility 815. 1 1,013 1-30 19,487 14,789 10,388 

2.4 1 
10 5, 10, 15,20,25 
1.0 15 

River Outfa 11 59.3 0.6 1-30 78.4 72.9 69.5 
3.0 5, 10, 15,20,25 

u, Total 23,763 18,735 14, 134 
I 

....... 
-...,I 

0 E-7: Deep Well Extraction/Chemical Oxidation/ 
River Outfall 

Monitoring 0 18. 2 1-30 315 226 172 
Colbert Extension 1,320 6.4 1-30 l, 431 1,399 1,380 
Expansion of System 9 1,219 12. 9 l-30 1,446 l, 380 l, 341 
Deep Extraction Wells 344 23.7 1-30 843.8 701.3 613.8 

31.2 5, 10, 15,20,25 
Collection Manifold 166. 1 0 166. 1 166. 1 166.l 

Chemical Oxidation Facility 
Ozone/UV 1,093 176. 6 l-30 4, 176 3,306 2,775 

4.7 1 
8.4 5, 10, 15,20,25 

Hydrogen Peroxide/UV 1,226 912.8 1-30 17,015 12,560 9,835 
4.7 1 

River Outfall 59.3 0.6 1-30 78.4 72.9 69.5 
3.0 5, 10, 15,20,25 

Total - Ozone/UV 8,452 7,252 6,517 

- Hydrogen Peroxide/UV 21,288 16,506 13,577 
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TABLE 5-7 

SUMMARY OF DETAILED EVALUATION 

Technical Institution a 1 Public Health Environmental Cost 
Feasibility Requirements Requirements Impacts Analysis 

Remedial Alternatives Rating Rating Rating Rating ($ Million) 

SOUTHERN AREA 

S- l: No action High Low Low Moderate 0.592 

S-2: Alternate Water Supply/Water Use Restrictions High Moderate Moderate Moderate 18.08 

S-4: Deep Wel 1 Extraction/Carbon Adsorption/Creek Outfall High High Moderate High 4.10 

S-5: Deep Wel 1 Extraction/Air Stripping/Creek Outfall Moderate High Moderate High 2.88 

S-6: Deep Well Extraction/Ozone/UV/Creek Outfall High High Moderate High 3.69 
Deep Well Extraction/Hydrogen Peroxide/UV/Creek Outfall High High Moderate High 7.02 

S-7: Deep Well Extraction/Carbon Adsorption/Drainfield High High Moderate High 4.42 

S-8: Ueep Well Extraction/Air Stripping/Urainfield Moderate High Moderate High 3.00 

U1 S-9: Deep Well Extraction/Ozone/UV/Drainfield High High Moderate High 4.23 
I Deep We 11 Extraction/Hydrogen Peroxide/UV/Drainfield High High Moderate High 9. 31 

I-' 
....... 
I-' S-10: Deep \./ell Extraction/Carbon Adsorption/Recharge Wells High ~loderate Moderate High 4.68 

5-ll: Deep Well Extraction/Air Stripping/Recharge Wells Moderate Moderate ~loderate High 3.26 

S-12: Deep Well Extraction/Ozone/UV/Recharge Wells High Moderate Moderate High 4.49 
Deep We 11 Extraction/Hydrogen Perodxide/UV/Recharge Wells High Moderate Moderate High 9.57 

WESTERN AAEA: 

W-1: No Action High Low Low Moderate 0.124 

W-2: Alternate Water Supply/Water Use Restrictions High Moderate Moderate Moderate 2.99 

W-4: Deep Well Extraction/Carbon Adsorption/River Outfall High High Moderate High 41.58 

W-5: Deep Well Extraction/Air Stripping/River Outfall Moderate High Moderate High 2. 15 

W-6: Deep Well Extraction/Air Stripping & Carbon Adsorption/ Moderate High Moderate High 22.84 
River Outfall 

W-7: Deep Well Extraction/Ozone/UV/River Outfall Moderate High Moderate High 6.26 
Deep \./ell Extraction/Hydrogen Peroxide/UV/River Outfall Moderate High Moderate High 15.37 
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Remedial Alternatives 

EASTERN AREA 

E- 1: r o Action 

E-2: Alternate Water Supply/Water Use Restrictions 

E-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

E-5: Deep Well Ex traction/ Air Stripping/River Outfall 

E-6: Ueep Well Extraction/Air Stripping & Carbon Adsorption/ 
River Outfall 

E-7: Deep Well Extraction/Ozone/UV/River Outfall 
Deep Well Extraction/Hydrogen Peroxide/UV/River Outfall 
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TABLE 5-7 (Continued) 

SUl·l·IARY Of DETAILED EVALUATION 

Technical Institutional 
Feasibility Requirements 
Rating Rat fog 

High Low 

High Moderate 

High High 

Moderate High 

Hoderate High 

Moderate High 
Moderate High 

1111 1111 • • • 
Pub 1 ic Hea 1th Environmental Cost 
Requirements Impact s Analysis 
Rating Rating ($ Million) 

Moderate Moderate l.50 

High High 2.89 

High High 22 . 7 

High Moderate 4. 34 

High Moderate 14 . 13 

High High 6. 52 
High High 13.58 
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5.0 SUMMARY OF ALTERNATIVES 

This section presents a summary of the detailed evaluation of the 
remedial alternatives in terms of costs (capital costs and present 
worth of total costs}, and various evaluation criteria including public 

health, environmental, technical, institutional and community 
concerns. The advantages and disadvantages of each remedial 
alternative are discussed and the alternatives ranked for each of the 
three sub-areas - southern, western and eastern. The preferred 
remedial action for the Colbert Landfill Site is then obtained by 
combining the top ranked alternative from each sub-area. 
Considerations associated with combining similar technologies site-wide 
and other factors that affect implementing remedial alternatives at 
this site are also discussed. 

6.1 SUMMARY AND RANKING OF REMEDIAL ALTERNATIVES 

6.1 .1 Summary and Ranking of Alternatives for Southern Area 

A summary of the alternatives is presented in Table 6-1. In the 
following section, the advantages and disadvantages of these 
alternatives are highlighted. The alternatives are then ranked and the 
rationale for the selected order is discussed. 

Alternative S-1: No Action 

This alternative has the lowest total cost among the options. There 
are, however, several disadvantages: continued migration of 
contaminants through the upper aquifer ultimately discharging into 
Little Deep and Peone Creeks; contamination of water supply wells 
without provision of an alternate supply of water, thereby resulting in 
a major public health risk; potential contamination of surface water 
and the lower aquifer in the southern area; and no restoration and 
little natural degradation or dispersion of contaminated groundwater 
for decades. This alternative fails to conform to regulatory 

4350a 
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Remedial 
Alternatives 

S-1: 
No Action 

S-2: 
Alternate 
Water Supply/ 
Water Use 
Restrict ions 

S-4: 
Deep Well 
Extraction/Carbon 
Adsorption/Creek 
Outfa 11 

S-5: 
Deep Wel 1 
Extract ion/ Air 
Stripping/Creek 
Outfa 11 
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• • 
Cost($ million) 

Capital 

0.33 

17 .09 

2.40 

2.23 

Present 
Worth 

0.592 

18.08 

4.09 

2.88 

• • - - - • • - • • • - • 
TABLE 6-1 

SOUTHERN AREA 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

Environmental 
Impacts 

Technical 
Feasibility 

o Contaminant re- o Contaminants remain o Only monitoring 
leases uncontrolled in groundwater involved 

o Continued ingestion o Continued migration o Proven methodolo-
of contaminated of contaminants in gies 
water unless resi- upper aquifer o Continue 1986 
dents make own o Potential for con- program 
arrangements for tamination of sur-
other supply face water bodies 

o Contamination re- and lower aquifer 
mains after 30 o Potential impacts 
years to 1 if es tock 

o Contaminant re
leases uncontrolled 

o Contaminants remain o 
in groundwater 

Effectively and 
reliably provides 
domestic water o Water use restric

tions must be en
forced throughout 
entire area 

o Contamination re
mains after 30 
years 

o Contaminant migra
tion contra 11 ed 

o Uncontaminated 
wells are protected 

o Alternate water 
supply provided as 
necessary 

o Some contamination 
remains after 
30 years 

o Continued migration 
of contaminants in 
upper aquifer 

o Potential for con
tamination of sur 
face water bodies 
and lower aquifer 

o Contaminant plume 
is contained 

o Portion of aquifer 
remains contami
nated for 30+ yrs 
but extracted water 
is treated 

o No threat to sur
face water bodies 
and lower aquifer 

o 0.45 cfs added to 
Little Deep Creek 

o Contaminant migra- o Same as S-4 
tion controlled o Exposure of flora 

o Exposure of workers and fauna in vie-
and surrounding inity to extremely 
cor:1r.1unity to ex- low levels of con-
tremely low levels taminants in air 
of contaminants in emi ssions 
air emissions 

o Installed, oper
ated and maintained 
by 1/WD 

o Domestic water 
provided 

o Highly effective 
o Proven technolo

gies 
o Acconvnodates fluc

tuating influent 
concentrations 

o Same as S-4 
o Cross-media 

transfer 
o Must overdesign to 

~uarantee efficient 
removal 

lnstitutiona 1 
Requirements 

o Source of contami
nation not removed 

o Migration of con
tamination not 
contained 

o ARAR not attained 

CoJllllunity 
Concerns 

o Exposure to contami
nated well water 

o Additional cost to 
obtain domestic water 

o Impact on property 
values 

o Same as S-1 o No longer have option 
o Safe drinking water to install private 

provided well 

o Source of contami
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

o Relies on vendor 
to destroy contami 
nants off-site 

o NPDES permit re
quired for outfall 

o Source of contami 
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

o Remediation facilities 
located on private land 

o Extraction wells may 
affect private wells 
illll1ediately down 
gradient 

o Drinking water wells 
protected 

o Same as S-4 
o Exposure of neighbor 

hood to contaminants 
in air emissions 
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S-5: (Continued) 

S-6: 
Ueep Well 
Extraction/ 
Chemical/ 
Oxidation/Creek 
Outfa 11 

S-7: 
Deep Well 
Extraction/Carbon 
Adsorption/ 
Drainfield 
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• Ill • 
Cost ($ million) 

Capital 

Ozone/UV: 

Present 
Worth 

. 2.66 3.69 

Hydrogen Peroxide/UV: 
2.92 7.02 

2.43 4.42 

• • • • • • - 1111 • -
TABLE 6-1 (Continued) 

SOUTHERN AREA 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

o Uncontaminated wells 
are protected 

o Alternate water 
supply provided 
as needed 

o Some contamination 
remains after 
30 years 

o Contaminat migra 
tion controlled 

o If hydrogen per
oxide is used, 
potential exposure 
of worker 

o If hydrogen per
oxide is used, 
possible exposure 
of public from 
truck accident 

o Uncontaminated wells 
are protected 

o Alternate water 
supply provided as 
needed 

o Some contamination 
remains after 30 
years 

o Same as S-4 

Environmental 
Impacts 

o Same as S-4 
o Potential short

term damage to 
biota if hydrogen 
peroxide spilled 

o Contaminant plume 
is contained 

o Portion of aquifer 
remains contami
nated for 30+ years 
but extracted water 
is treated 

o No threat to sur
face water bodies 
and lower aquifer 

Technical 
Feasibility 

o Domestic water pro
vided 

o Highly effective 
o Technologies not 

as widely used on 
hazardous waste 
sites 

o Must overdose to 
guarantee complete 
destruction 

o Same as S-4 
o Drainfield provides 

recharge but 
only slightly 
more effective than 
outfall for con
taining plume 

Institutional 
Requirements 

o NPDES permit con
ditions apply to 
outfall 

o SCAPCA control of 
air emissions 

o Source of contami
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

o NPDES permit condi
tions apply to 
outfall 

o Source of contami
nation not removed 

o Migration of con 
tamination is con
tained 

o ARAR attained for 
treated water 

o Relies on vendor to 
destroy contami
nants off-site 

o Waste discharge 
permit conditions 
apply to drainfield 

• • 

Co11111unity 
Concerns 

o Same as S-4 

• 

o Transport of 
hydrogen peroxide, 
if used 

o Same as S-4 
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S-8: 
Deep Well 
Extract ion/ Air 
Stripping/ 
Drainfield 

S-9: 
Deep Well 
Extraction/ 
Chemical 
Oxidation/ 
Drainfield 

S-10: 
Deep Well 
Extraction/Carbon 
Adsorption 
Recharge Wells 

4350a 

- - -
Cost($ million) 

Capital 

2.27 

Ozone/UV: 

Present 
Worth 

3.00 

2.86 4.23 

Hydrogen Peroxide/UV: 
3.15 9.31 

2.55 4.68 

- - - - - • - - • • • - • 
TABLE 6-1 (Continued) 

SOUTHERN AREA 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

o Same as S-5 

o Same as S-6 

o Same as S-4 

Environmental 
Impacts 

o Same as S-7 
o Exposure of flora 

and fauna in vici
nity to extremely 
low levels of 
contaminants in air 
el'lissions 

o Same as S-7 

o Same as S-7 

Technical 
Feasibility 

o Same as S-5 
o Urainfield provides 

recharge, but 
only slightly 
more effective than 
outfall for con
taining plume 

o Same as S-6 
o Drainfield provides 

recharge but 
only slightly 
more effective than 
outfall for con
taining plume 

o Same as S-7 
o Recharge wells 

same as drainfield 

Institutional 
Requirements 

o Source of contami
nation not removed 

o Migration of 
contamination is 
contained 

o ARAR attained for 
treated water 

o SCAPCA control of 
air emissions 

o Waste discharge 
permit conditions 
apply to drainfield 

Convnunity 
Concerns 

o Same as S-5 

o Source of contami- o Same as S-4 
nation not removed o Transport of 

o Migration of con- hydrogen peroxide, 
tamination is con- if used 
tained 

o ARAR attained for 
treated water 

o Waste discharge permit 
conditions apply to 
drainfield 

o Source of contami- o Same as S-4 
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

o Relies on vendor to 
destroy contaminants 
off-site 

o Injection control 
permit conditions 
apply to recharge 
wells; state prohi
bitions 
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S- 11: 
Deep Well 
Extraction/Air 
Stripping/ 
Recharge Wells 

S-12: 
Deep Well 
Extract ion/ 
Chemical 
Oxidation/ 
Recharge Wells 

4350a 

• • • 
Cost($ million) 

Capital 

2.40 

Ozone/UV: 

Present 
Worth 

3.26 

2.98 4.4~ 

Hydrogen Peroxide/UV: 
3.27 9.57 

• - • - • 
lABLE 6-1 (Continued) 

SOUTHERN AREA 

• • • • • 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

o Same as S-5 

o Same as S-6 

Environmental 
Impacts 

o Same as S-8 

o Same as S-7 

Technical 
Feasibility 

o Same as S-8 
o Recharge wells 

same as drainfield 

Inst itut iona l 
Requirements 

o Source of contami 
nation not removed 

o Migration of con 
tamination is con
tained 

o ARAR attained for 
treated water 

o SCAPCA control of 
air emissions 

o Injection control 
permit conditions 
apply to recharge 
wells; state prohi 
bition 

o Same as S-9 o Source of contami -
o Recharge wells same nation not removed 

as drainfield o Migration of con-
tamination is con
tained 

o ARAR attained for 
treated water 

o Injection control 
permit conditions 
apply to recharge 
wells; state prohi
bition 

• • 

Community 
ConCE:rns 

o Same as S-5 

o Same as S-4 

• 

o Transport of hydrogen 
peroxide, if used 
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requirements (ARARS) and considerations. It is also one of the least 
acceptable alternatives to the public since it continues to allow 

exposures to contaminated drinking water. 

Alternative S-2: Alternate Water Supply/Water Use Restrictions 

The advantages of this alternative are that residents whose well water 
supply becomes contaminated above a cut-off level will be provided an 
alternate water supply by the Whitworth Water District No. 2. The 
disadvantages include a very high cost to construct a public water 
supply system; continued migration of the contaminants through the 
upper aquifer; potential contamination of surface water bodies and the 
lower aquifer in the southern area; and no restoration of the 

groundwater through remediation or natural processes for several 
decades. Safe drinking water supplies are provided in accordance with 
tile Safe Drinking Water Act and human health is protected in general, 
but other ARARs and regulatory considerations are not met. This 
alternative meets the major com~unity concern of safe water, but may be 
unsatisfactory due to its lack of contamination cleanup and the loss of 
the use of drinking water wells. 

Alternative S-4: Deep Well Extraction/Carbon Adsorption/Creek Outfall 

The advantages of this alternative include containment of the plume in 
the upper aquifer and treatment of contaminated groundwater using a 
proven and effective technology; an alternate water supply for 
residents whose well water supply becomes contaminated above a cut-off 
level; and elimination of potential contamination of surface water 
bodies and the lower aquifer. The disadvantages include groundwater 
contamination remaining in the area of the existing plume after 
remediation; location of remediation facilities on or near private 
property; and reliance on an activated carbon vendor to properly 
destroy contaminants during regeneration process rather than achieving 
this on-site. With the possible exception of not remediating all 

4350a 
6-6 
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contamination within the plume, this alternative attains ARARs and 

other regulations. Community concerns regarding safe drinking water 
and contaminant cleanup are addressed. 

Alternative S-5: Deep Well Extraction/Air Stripping/Creek Outfall 

The advantages of this alternative are the same as those presented for 
Alternative S-4, namely containment of the upper aquifer plume, 
alternate water supplies as needed, and avoidance of surface water 

contamination. The disadvantages include cross-media transfer of 
contaminants from groundwater to the atmosphere and low-level exposure 
of the environment, workers and the surrounding community to 
contaminants in air emissions; the continued presence of contamination 
after 30 years; and the location of remediation facilities on or near 
private property. With the possible inconsistency with policies 
regarding cross-media transfer of contaminants and treating all 
contamination within the plume, this alternative attains ARARs and 

other regulations. Community concerns with safe water and groundwater 
remediation are met. 

Alternative S-6: Deep Well Extraction/Chemical Oxidation/Creek Outfall 

The advantages of this alternative are the same as those presented for 
Alternatives S-4 and S-5, except that the two .proposed chemical 
oxidation processes have not been as widely used at hazardous waste 
sites as carbon adsorption and air stripping. However, the 
contaminants are destroyed by these oxidation processes during 
treatment on-site instead of cross-media transfer. The disadvantages 
include location of remediation facilities on private property; the 

presence of contamination after 30 years; and, if hydrogen peroxide is 
the oxidant, possible exposure of the public or the environment to 
hydrogen peroxide from a truck accident. With the possible exception 
that all contamination within the plume may not be remediated, ARARs 
and other regulated are attained. Community concerns regarding safe 
drinking water and contamination cleanup are addressed. 

4350a 
6-7 
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Alternative S-7: Deep Well Extraction/Carbon Adsorption/Drainfield 

The advantages of this alternative are the same as those presented for 
Alternative S-4, except that the gradient modifications in the upper 
aquifer from the drainfield provide a slightly improved barrier to 

contaminant plume migration. The disadvantages are the same as those 

for Alternative S-4, plus there are additional costs associated with 

the higher groundwater extraction rate required due tb recharging the 

aquifer. Compliance with ARARs and other regulations and community 
concerns issues are as discussed previously. 

Alternative S-8: Deep Well Extraction/Air Stripping/Drainfield 

The advantages of this alternative are the same as those presented for 
Alternative S-5 and include a slightly improved barrier to plume 

migration provided by the drainfield. The disadvantages are the same 
as those listed for Alternative S-5, plus there are additional costs 
associated with a higher groundwater extraction rate requiring a larger 
air stripper due to recharge of the aquifer. Regulatory considerations 
are as previously discussed for the air stripping system and the same 
community concerns are addressed. 

Alternative S-9: Deep Well Extraction/Chemical Oxidation/Drainfield 

The advantages of this alternative are the same as those presented for 

Alternative S-6, except that the gradient modifications in the upper 
aquifer from the drainfield provide a slightly improved barrier to 

contaminant plume migration. The disadvantages are also the same, plus 
there are additional costs associated with constructing and operating 
slightly larger oxidizing units to accommodate a higher ground~rnter 
extraction rate due to recharge of the aquifer. Regulations and 
community concerns are met as discussed previously. 

4350a 
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Alternative S-10: Deep We 11 Extract ion/ Carbon Adsorption/Recharge We 11 s 

The advantages of this alternative are the same as those presented for 
Alternative S-7, except that the gradient modifications created by the 
recharge wells are more localized but stronger than those from the 
drainfield. The disadvantages are the same, except that recharge wells 
are more expensive than the drainfield to install and suffer from 
permitting difficulties. The major change in regulatory compliance 
concerns state restrictions on injection wells. Community concerns are 
addressed as discussed previously. 

Alternative S-11: Deep Well Extraction/Air Stripping/Recharge Wells 

The advantages of this alternative are the same as those presented for 
Alternative S-5 with the addition of a slightly enhanced migration 
barrier. The disadvantages are the same except that the recharge wells 
are more expensive and may conflict with state regulations. Otherwise, 
regulatory compliance is equivalent, and community concerns are 

addressed as discussed. 

Alternative S-12: Deep Well Extraction/Chemical Oxidation/Recharge 
Wells 

The advantages of this alternative are the same as those presented for 
Alternative S-6, except that the localized gradient modificatio ns 
created by the recharge wells provide a slightly improved barrier to 
plume migration. The disadvantages are the same except that t he 
recharge wells are more expensive and may conflict with state 
regulations. Otherwise, regulatory compliance is equivalent, and 
community concerns are addressed as discussed. 

Ranking of Alternatives for Southern Area 

The ranking of alternatives is intended to assist the lead agency 
(Ecology) in choosing, in the words of the NCP, 11 a cost-effective 
remedial alternative that effectively mitigates and minimizes threats 

4350a 
6-9 
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to and provides adequate protection of public health and welfare and 
the environment." The chosen alternative should attain or exceed the 
applicable or relevant and appropriate requirements (ARARS), as 
described in Section 5.3, and should take into account each of the 
concerns described in Section 5.0, regarding the technical, 

institutional, environmental, public health, and cost aspects of each 

alternative. 

Because of the requirement protect public health, the no-action 
alternative S-1 cannot be selected. Under this alternative, the 
(proposed) Maximum Contaminant Levels for several chemicals would be 
exceeded in public and domestic water supplies. This poses a serious 
public health risk. The no-action alternative also is inconsistent 

with regulations pertaining to groundwater treatment and protection and 
does not address community concerns. Therefore, it is not a suitable 
choice and is not included in the ranking. 

The alternate water supply alternative, S-2, does protect public health 
adequately but allows contaminants to continue their migration away 
from the site unabated. While the environmental impacts are relatively 
minor from the releases, the alternative does not attain groundwater 
protection consistent with the RCRA law and related regulations. For 
these reasons, because the installation of alternate water supplies is 
the most expensive alternative which assures clean water over the 
entire area of potential contamination, this alternative is ranked 
lowest. 

The extraction treatment, and discharge (ETD) alternatives, S-4 through 
S-12, attain the objective of preventing further spread of the 

groundwater contamination. These are ranked by category to place all 
the creek discharge alternatives (S-4 through S-8) first, the 
drainfield discharge alternatives (S-7 through S-9) next, and the 
recharge well alternatives (S-10 through S-12) last. This category 
ranking reflects the lower cost of outfall and drainfield; the greater 
ease in implementing and maintaining discharge to surface water; less 

potential impact to the environment if contamination is released to 

4350a 
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Little Deep Creek rather than to groundwater; the slight environmental 
benefits which arise from providing water to the creek in a 
water-scarce climate; assurance that groundwater rights will not be 
impinged by the lack of groundwater recharge; the necessity to treat 
more water if a drainfield or recharge wells are used; and the 
complications associated with permitting of recharge wens. 

Within each discharge category the differentiation is on the basis of 
the treatment system. The costs place air stripping first, oxidation 
using ozone second, carbon adsorption third~ and oxidation using 
hydrogen peroxide the most expensive, although the difference between 
ozone and carbon adsorption is insignificant given the -30 percent to 
+50 percent range of cost accuracy. The impacts of each alternative on 
human health and the environment are very similar, as each prevents 
continued migration of the contaminant plumes. Differences between the 
alternatives arise from the treatment technologies. Air stripping is 
well-established, but releases the contaminants to the air. Carbon 
adsorption is also well-established, requires off-site treatment to 
destroy the contaminants, and efficiently removes contaminants despite 
fluctuations in influent concentrations. With both chemical oxidation 
methods, contaminants are efficiently destroyed on-site, provided that 
dosing with the oxidant is conservative; chemical oxidation has not 
been widely used yet at hazardous waste sites. Current regulatory 
pol i.CY favors the contaminant destruction achieved by chemical 
oxidation and carbon -adsorption upon regeneration of the activated 
carbon. 

The significantly lower cost of air stripping is judged to offset the 
minimal air quality concerns associated with the air emissions, so it 
is ranked highest. Carbon adsorption is ranked second; it may be 
somewhat more expensive that ozone/UV, but it offers the advantages of 
a simpler and established operation and greater ability to handle 
variable concentrations of contaminants. Ozone/UV is ranked third; it 
may destroy contamiants on-site, but its operation is more involved and 
the system must be overdesigned to accommodate variable contaminant 
concentrations. Hydrogen peroxide/UV is rated fourth, primarily due to 
cost. 

4350a 
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Selection of the treatment system is judged to be a more important 
ranking criterion than the choice of the discharge method. More 
specifically, the use of an outfall is only slightly more preferable 
than a drainfield, and both are less costly and are more acceptable 
from a regulatory standpoint than recharge wells. The more important 

issue is the choice of the treatment system; if a reconmended 
alternative is found unsatisfactory, it will likely be due to the 
treatment technology used and not the method of discharge. Thus, the 
extraction, treatment, and discharge alternatives are ranked according 

to the treatment technology within the preferred category of 
discharge. 

For example, the creek outfall is the preferred discharge method; air 
stripping is the preferred treatment technology followed by carbon 
adsorption; therefore air striping/creek outfall (Alternative S-5) is 
ranked highest and carbon adsorption/creek outfall (Alternative S-4) is 
ranked second. The ranking of the remedial alternatives for the 
southern area is presented in Table 6-2. 

6. 1.2 Summary and Ranking of Alternatives for Western Area 

Table 6-3 presents a summary of the costs and detailed evaluation of 
the western area alternatives. The advantages and disadvantages of 
these alternatives are listed in the following section in order to rank 
the alternatives. 

Alternative W-1: No Action 

The major advantage of this alternative over the others in the western 

area is its lowest total cost. There are several disadvantages: 

continued migration of contaminants through the loHer aquifer and 

eventual contamination of the Little Spokane River; contamination of 
water supply wells without provision of an alternate supply of water, 
thereby resulting in a major public health risk; and no restoration and 
little natural degradation or dispersion of contaminated groundwater 

4350a 
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Rank 

1 
2 

3 
4 

5 

6 
7 
8 
9 
10 
11 

12 

13 

Unranked 
Rejected 

at First 
Screening 

4350a 

TABLE 5-2 

RANKING OF SOUTHERN AREA ALTERNATIVES 

Alternative 

S-5: Deep Well Extraction/Air Stripping/Creek Outfall 

S-4: Deep vJe 11 Extraction/Carbon Adsorption/Creek Outfall 

S-6: Deep Well Extraction/Ozone/UV/Creek Outfall 
Deep Well Extraction/Hydrogen Peroxide/UV/Creek 

Outfall 
S-8: Deep Well Extraction/Air Stripping/Drainfield 
S-7: Deep Well Extraction/Carbon Adsorption/Drainfield 
S-9: Deep Well Extraction/Ozone/UV/Drainfield 

Deep We 11 Extraction/Hydrogen Peroxide/UV/Drainfiel d 
S-11: Deep Well Extraction/Air Stripping/Recharge Wells 
S-10: Deep Well Extraction/Carbon Adsorption/Recharge Wells 
S-12: Deep Well Extraction/Ozone/UV/Recharge Wells 

Deep Well Extraction/Hydrogen Peroxide/UV/Recharge 
Wells 

S- 2: Alternate Water Supply/Water Use Restrictions 
S-1 : No action 

S-3: Point-of-Entry Water Treatment/Water Use Restrictions 

6-13 
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W-1: 
No Action 

W-2: 
Alternate 
Water Supply/ 
Water Use 
Restrict ions 

W-4: 
Deep Well 
Extraction/Carbon 
Adsorption/River 
Outfall 
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Cost($ million) 

Capital 

0.0 

2.81 

1.53 

Present 
Worth 

u. 124 

2.99 

41.58 

TABLE 6-3 
WESTERN AREA 

SUMMARY OF DE1A1LED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Heal th 
Requirements 

Environmental 
Impacts 

Technical 
Feasibility 

o Contaminant re- o Contaminants remain o Only monitoring 
leases uncontrolled in groundwater involved 

o Continued ingestion o Continued migration o Proven methodolo-
of contaminated of contaminants in gies 
water unless resi- lower aquifer o Continue 1986 
dents make own o Eventual contami- program 
arrangements for nation of Little 
other supply Spokane River 

o Contamination re
mains after 30 
years 

o Contaminant re
leases uncontrolled 

· o Contaminant re- o Same as W-1 o Effectively and 
reliably provides 
domestic water 

leases uncontrolled 
o Small potential ex

posure from well 
water 

o Contamination re
mains after 30 
years 

o Contaminant migra
tion controlled 

o Uncontaminated 
wells are protected 

o Same contamination 
remains after 30 
years 

o Installed, oper
ated and maintained 
by WWD 

o Area not as conduc
ive for installing 
pressurized water 
system 

o Contaminant plume o Domestic water 
is contained provided 

o Portion of aquifer o Highly effective 
remains contami- o Proven technolo-
nated for 30+ yrs gies 
but extracted water o Weekly replacement 
is treated of carbon 

o No threat to Little o Accor.nnodates flue-
Spokane River tuating influent 

o 2.9 cfs added to concentrations 
Little Spokane River 

Institutional 
Requirements 

o Source of contami
nation not removed 

o Migration of con
tamination not 
contained 

o ARAR not attained 

o Same as W-1 
o Safe drinking 

water supplied 

o Source of contami
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

o Relies on vendor 
to destroy contami
nants off-site 

Community 
Concerns 

o Exposure to contami
nated well water 

o Additional cost to 
obtain domestic water 

o Impact on property 
values 

o Private wells no 
longer usable for 
in-home use 

o Safe drinking water 
available 

o Remediation facilities 
located on private land 

o Extraction wells may 
affect private wells 
irrrnediately down 
gradient 

o Water wells protected 

o NPDES permit condi
tions apply to outfall 
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Remedial 
Alternatives 

W-5: 
Deep Wel 1 
Extraction/Air 
Stripping/River 
Outfall 

W-6: 
Deep Well 
Extraction/Air 
Stripping and 
Carbon Adsorption/ 
River Outfall 

Cost($ million) 

Capital 

1.02 

l.81 

Present 
Worth 

2.15 

22.84 

W-7: Ozone/UV: 
Deep Well 2.34 6.26 
Extraction/Chemical 
Oxidation/River Hydrogen Peroxide/UV: 
Outfall 2.26 15.37 
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TABLE 6-3 (Continued) 
WESTERN AREA 

SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

Environmental 
Impacts 

o Contaminant migra- o Same as W-4 
tion controlled o Exposure of flora 

o Exposure of workers and fauna in vie-
and surrounding inity to extremely 
conmunity to ex- low levels of con-
tremely low levels taminants in air 
of contaminants in emissions 
air emissions o Residual methylene 

o Uncontaminated chloride discharged 
wells are protected in Little Spokane 

o Some contamination River 
remains after 30 
years 

o Same as W-4 and 
W-5 

o Same as W-4 
o Exposure of flora 

and fauna in vic
inity to extremely 
low levels of con
taminants in air 
emissions 

o Contaminant migra- o Same as W-4 
t ion controlled 

o If hydrogen per
oxide is used, 
potential exposure 
of worker 

o If hydrogen per
oxide is used, 
possible exposure 
of public from 
truck accident 

o Uncontaminated 
wells are protected 

o Some contamination 
remains after 30 
years 

Technical 
Feasibility 

o Domestic water 
provided 

o Cross-media trans
fer 

o Proven technolo
gies 

o Cannot remove 
methylene chloride 
to MAC level 

o I-lust overdesign to 
obtain high removal 
despite influent 
concentration 
fluctuations 

o Same as W-4 
o Cross-media 

transfer 

o Domestic water 
provided 

o Highly effective 
o Technologies not 

as widely used on 
hazardous waste 
sites 

o If hydrogen per
oxide is used, a 
tank load required 
every 4 to 6 weeks 

o Must overdose to 
ensure complete 
destruction if in
fluent concentra
tions fluctuate 

I.nst itut iona l 
Requirements 

o Source of contami
nation not removed 

o Migration of con
tamination is con-
tained . 

o ARAR attained for 
5 of 6 contaminants 

o NPUES permit condi
tions with mixing 
zone for methylene 
chloride at outfall 

o SCAPCA control of 
air emissions 

o Same as W-4 
o SCAPCA control of 

air emissions 

o Source of contami
nation not removed 

o Migration of con
tamination is con
tained 

o ARAR attained for 
treated water 

Convnunity 
Concerns 

o Same as W-4 
o Exposure of neighbor

hood to contaminants 
in air emissions 

o Same as W-5 

o Same as W-4 
o Transport of hydro

gen peroxide, if used 

o NPUES permit condi
tions apply to outfall 
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for decades. No ARARs are attained, including Safe Drinking Water Act 
Standards, and community concerns regarding unsafe drinking water and 
its impacts are not addressed. 

Alternative W-2: Alternate Water Supply/Water Use Restrictions 

The advantages of this alternative are more accurate monitoring of 
plume migration and provision of an alternate water supply by the 
Whitworth Water District to residents whose well water supply becomes 
contaminated. The disadvantages include continued migration of the 
contaminants through the lower aquifer and eventual contamination of 
the Little Spokane River, and no restoration of the groundwater through 

remediation or natural processes for several decades. Drinking \later 
which meets standards is supplied, but ARARs and other regulations and 

policies relating to groundwater protection are not met. ColllTiunity 

concerns regarding safe water supplies are met, but there may be 

dissatisfaction with the lack of treatment and the loss of the 
unrestricted use of wells. 

Alternative W-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

The advantages of this alternative include containment of the plwne in 
the lower aquifer and treatment of contaminated groundwater with proven 
and effective technologies; provision of an alternate water supply, if 
at all necessary, to residents whose well water becomes contaminated; 
and prevention of contamination of the Little Spokane River. The 
disadvantages include frequent replacement of spent carbon and the 
associated high cost; location of remediation facilities on private 
property; and reliance on activated carbon vendor to properly destroy 
contaminants during regeneration process. ARARs and other regulations 
relating to safe drinking water standards, groundwater protection, and 
handling of potentially hazardous waste are met. Community concerns 
regarding safe water and groundwater remediation are addressed, but 
there may be some dissatisfaction with locating facility components on 
private property. 
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Alternative W-5: Deep Well Extraction/Air Stripping/River Outfall 

The advantages of tl1is alternative include containment of the plume in 
lower aquifer and removal of five of the six contaminants of concern to 
reconnnended limits with proven and effective technologies; provision of 
a safe water supply, if at all necessary, to residents whose private 
well water supply becomes contaminated; and elimination of eventual 
contamination of the Little Spokane River. A potential disadvantage is 
that air stripping may not remove methylene chloride to comply witn the 
ingestion MAC value calculated in the Risk Assessment, although the MAC 
may be only slightly exceeded and dilution and volatilization within 
the river will reduce its concentration to levels below the MAC. Other 
disadvantages include cross-media transfer of contaminants from 
groundwater to air stream, and low-level exposure of workers and 
surrounding community to contaminants in air emissions. Groundwater 
protection and safe drinking water regulations and policies are met, 
although policies regarding cross-media transfer may not be addressed. 

Community concerns regarding protection of well water are met, but 
siting of the facilities may be an issue. 

Alternative W-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall 

The advantages of this alternative are the same as those presented for 
Alternative W-4 since carbon adsorption treatment is again used. The 
disadvantages are the same as well, but also include the release of the 
contaminants to the air. Groundwater protection and safe drinking 
water regulations and policies are met, although policies regarding 
cross-media transfer may not be addressed. Community concerns 
regarding protection of well water are met, but siting of the 
facilities may be an issue. 

Alternative W-7: Deep Well Extraction/Chemical Oxidation/River Outfall 

The advantages of this alternative are the same as those presented for 
Alternatives W-4 and W-6, except that the two proposed chemical 
oxidation processes have not been as widely used at hazardous waste 
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sites as carbon adsorption and air stripping. However, the 
contaminants are destroyed by these oxidation processes during 
treatment on-site. The disadvantages include the location of 
remediation facilities on private property. If hydrogen peroxide is 
the oxidant, other disadvantages include truck transport of hydrogen 
peroxide, potential exposure of workers to this hazardous substance 
during maintenance of the treatment facility, and possible exposure of 
the public to hydrogen peroxide from a truck accident. This 

alternative meets standards of groundwater treatment and safe drinking 
water regulations and policies, and also is consistent with policies 

emphasizing permanent treatment. Community concerns regarding safe 

water and groundwater treatment are met, although siting of the 
facilities may be unsatisfactory to some. 

Ranking of Alternatives for Western Area 

As was the case in the southern area, the no-action alternative W-1 is 
unacceptable because of the public health risks associated with 
additional water supply wells becoming contaminated at levels above the 
MCL criteria or other Maximum Acceptable Concentrations (MACs). 
Furthermore, groundwater protection is not addressed. This alternative 
is unranked due to its detrimental effects. 

The alternative for supplying residents with an alternate water supply, 
W-2, handles the public health problem adequately and has a cost less 
than most of the extraction, treatment, and discharge alternatives. 
Nevertheless, allowing migration of the groundwater plume is 

inconsistent with the groundwater protection requirements of the RCRA 
law. In addition, contaminant releases to the Little Spokane River may 

result in exceedance of the MAC value for methylene chloride under 
normal flow conditions, as discussed in the Risk Assessment. 

Among the extraction-treatment-discharge (ETD) alternatives, several 
are significantly higher in cost than the others and do not have 
benefits that make the cost differential reasonable. These include 
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hydrogen peroxide oxidation (W-7b), air stripping combined with carbon 
adsorption (W-6) and carbon adsorption (W-4). The remaining 
alternatives are air stripping (W-5) and ozone oxidation (W-7a), of 
which the former is much less expensive but releases the contaminants 
to the air and does not remove all the contaminants to drinking water 
standards. Nevertheless, the resulting concentrations in air are very 
low at the stack and substantially reduced by dispersion so that no 
observable impacts are expected. The discharge of treated water 
containing as much as 15 µg/1 of methylene chloride, which exceeds the 
recommended MAC value of 2.5 µg/1, will be diluted in the Little 
Spokane River by a factor of 20 under drought conditions and even 
further by volatilization. 

Based on the preceding analysis, only two alternatives are considered 
suitable for implementation, W-5 (extraction wells, air stripping, 
river outfall) and W-7a (extraction wells, ozone/UV, and river 
outfall). No-action and the alternate water supply alternative 
excessively endanger human and environmental health and the 
environment, while the other treatment alternatives are much more 
costly without providing commensurate benefits. Although air stripping 
releases contaminants to the air and does not fully remove methylene 
chloride, the minor potential impacts associated with these releases 
are judged to be offset by the $4 million lower cost compared to 
ozone/UV. Ozone/UV treatment offers permanent treatment if air 
stripping is found to be unacceptable. The ranking of the western area 
alternatives is presented in Table 6-4. 

6.1.3 Summary and Ranking of Alternatives for Eastern Area 

The alternatives for the eastern area are summarized in Table 6-5. 

Based on these advantages and disadvantages of these alternatives as 
discussed in this section, a ranking is established and explained. 
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Rank 

2 

Unranked 

Unranked 

Unranked 

Unranked 

Unranked 

Rejected 
at First 
Screening 
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TABLE 6-4 
RANKING OF WESTERN AREA ALTERNATIVES 

Alternative 

W-5: Deep Well Extraction/Air Stripping/River Outfall 

W-7: a.) Deep Well Extraction/Ozone/UV/River Outfall 

W-1: No Action 

W-2: Alternate Water Supply/Water Use Restrictions 

W-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

W-6: Deep Well Extraction/Air Stripping & Carbon 
Adsorption/River Outfall 

W-7: b.) Deep Well Extraction/Hydrogen 
Peroxide/UV/River Outfall 

W-3: Point-of-Entry Water Treatment/Water Use 
Restrictions 
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• • • 
Cost{$ million) 

Capital 

1.32 

. 2.54 

3.73 

3.39 

Present 
Worth 

1.50 

2.89 

22.7 

4.34 

.... 1111 • 11111 .... • • • 
TABLE 6-5 

EASTERN AREA 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Hea 1th 
Requirements 

o Contaminant re
leases uncontrolled 

o Continued ingestion 
of contaminated 
water unless resi
dents make own 
arrangements for 
other supply 

o Contaminant re-
leases uncontrolled 

o Small potential ex-
posure from well 
water 

o Contamination re-
mains after 30 
years 

o Source contamina-
t ion removed 

o Possible exposure 
of public to spent 
carbon from truck 
accident 

o Uncontaminated 
wells are protected 

o Some contamination 
remains after 30 
years 

o Source contamina-
tion removed 

o Exposure of workers 
and surrounding 
col'llllunity to ex-
tremely low levels 
of contaminants in 
air emissions 

o Uncontaminated 
wells are protected 

o Some contamination 
remains after 30 
years 

Environmental 
Impacts 

Technical 
Feasibility 

o Contaminants remain o Only monitoring 
in groundwater involved 

o Same as E-1 

o Portion of aquifer 
remains contami-
nated for 30+ yrs 
but extracted water 
is treated 

o 1.3 cfs added to 
Little Spokane 
River 

o Same as E-4 
o Exposure of flora 

and fauna in vie-
inity to extremely 
low levels of con-
taminants in air 
emissions 

o Residual methylene 
chloride 
discharged into 
Little Spokane 
River 

o Proven methodolo
gies 

o Continue 1986 
program 

o Effectively and 
reliably provides 
domestic water 

o Installed, aper-
ated and maintained 
by WWD 

0 Expand existing 
Colbert Extension 

0 Domestic water 
provided 

o Highly effective 
o Proven technolo -

gies 
o Weekly replacement 

of carbon 
o Acco111110dates flue-

tuating influent 
concentrations 

o Domestic water 
provided 

o Cross-media 
transfer 

o Proven technolo-
gies 

o Cannot remove 
methylene chloride 
to MAC level 

o Must overdesign to 
ensure efficient 
removal despite 
fluctuating influ-
ent concentrations 

Institutional 
Requirements 

o Source of contami
nation not removed 

o ARAR not attained 

o Same as E-1 
o Safe drinking 

water supplied 

o Source of contami -
nation not removed 

o ARAR attained for 
treated water 

0 Relies on vendor 
to destroy contami-
nants off-site 

o NPDES permit condi-
t ions apply to 
outfall 

o Source of contami-
nation not removed 

o ARAR attained for 
only 5 of 6 con-
taminants 

0 UPUES permit condi -
tions with mixing 
zone for methylene 
chloride for outfall 

o SCAPCA control of 
air emissions 

• • 
Community 
Concerns 

• 

o Exposure to contami
nated well water 

o Residents responsi -
ble for safety of water 
supply 

o Impact on property 
values 

o No longer have option 
to install private 
well 

o Safe drinking water 
available 

o Remediation facilities 
located on private land 

o Extraction wells may 
affect private wells 
immediately down 
gradient 

o Some water supply wells 
protected 

0 Same as E-4 
0 Exposure of neighbor -

hood to contaminants 
in air emissions 
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Cost ($ million) 

Remedial 
Alternatives 

E-6: 
Deep Wel 1 
Extraction/Air 
Stripping and 
Carbon Adsorption/ 
River Uutfa 11 

E-7: 
Deep Well 
Extraction/Chemical 

Capital 

3.92 

Ozone/UV: 
4.20 

Oxidation/River Hydrogen 
Outfall 4.33 

4350a 

Present 
Worth 

14. 13 

6. 52 

Peroxide/UV: 
13.58 

111111111 • • 1111 • • 1111111 Ill 1111 • • 
TABLE 6-5 (Continued) 

EASTERN AREA 
SUMMARY OF DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

Public Health 
Requirements 

Environmental 
Impacts 

Technical 
Feasibility 

Inst itut iona 1 
Requirements 

Community 
Concerns 

o Same as E-4 and 
E-5 

o Same as E-4 o Same as E-4 o Same as E-4 o Same as E-5 

o Source contamina
tion removed 

o If hydrogen per
oxide is used, 
potential exposure 
of worker 

o If hydrogen per
oxide is used, 
possible exposure 
of public from 
truck accident 

o Uncontaminated 
wells are protected 

o Exposure of flora 
and fauna in vic
inity to extremely 
low levels of con
taminants in air 
emissions 

o Same as E-4 

o Cross-media 
transfer 

o AccolllllOdates fluc
tuating influent 
concentrations 

o Domestic water 
provided 

o Highly effective 
o Technologies not 

as widely used on 
hazardous waste 
sites 

o If hydrogen per
oxide is used, a 
tank load required 
every 4 to 6 weeks 

o Overdosing necessary 
to ensure complete 
destruction despite 
influent concentra
tion fluctuations 

o SCAPCA control of 
air emissions 

o Source of contami
nation not removed 

o ARAR attained for 
treated water 

o Same as E-4 
o Transport of hydro

gen peroxide , if 
used 

o NPUES permit condi 
tions apply to outfall 
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Alternative E-1: No Action 

The major advantage of this alternative over the others in the eastern 
area is its lowest total cost. There are several disadvantages: 
potential contamination of several water supply wells without provision 
of an alternate water supply, resulting in a major public health risk; 
no removal of contaminants from the secondary source area; and no 
restoration of presently contaminated groundwater. The no action 
alternative does not attain Safe Drinking Water Standards or conform 
with groundwater protection ARARs or other regulations, despite the 
fact that the plume boundaries will not be extended greatly in the 
eastern area. Community concerns regarding safe water supplies and 
contamination remediation would not be addressed. 

Alternative E-2: Alternative Water Supply/Water Use Restrictions 

The advantage of this alternative is that residents whose we ll water 
supply becomes contaminated will be provided an alternate water supply 
by the Whitworth Water District. The disadvantages include no removal 
of contaminants from the secondary source area and no treatment of 
existing contaminated groundwater. Safe drinking water is supplied, so 
public health aspects of ARARs are addressed, but groundwater 
protection regulations and policies are not met. Crnnmunity desires for 
a safe water supply are met, but groundwater is not restored and well 
usage must be restricted. 

Alternative E-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

The advantages of this alternative include treatment of contaminated 
groundwater from the secondary source area with proven and effective 
technologies, which reduces future contaminant migration, and provision 
of an alternate water supply to residents. The disadvantages include 
frequent replacement of spent carbon and the associated high cost, 
location of remediation facilities on private property, and reliance on 
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activated carbon vendor to properly destroy treatment on-site. 

regeneration process off-site. ARARs are achieved and public concerns 
regarding safe water and remediation of contamination are addressed. 

Alternative E-5: Deep Well Extraction/Air Stripping/River Outfall 

The advantages of this alternative include removal of five of the six 
contaminants of concern to recommended limits with proven and effective 
technologies, and residents whose private well water supply becomes 
contaminated will be provided an alternate water supply. A 
disadvantage is that air stripping may not reliably remove methylene 
chloride to comply with the ingestion MAC value calculated in the Risk 
Assessment, although this value may only be slightly exceeded and will 
be attained in the Little Spokane River below the outfall because of 
mixing and dilution. Other disadvantages include cross-media transfer 
of contaminants from groundwater to atmosphere, and low levels of 
exposure of the environment, workers, and surrounding community to 

contaminants in air emissions. ARARs and other regulations pertinent 
to safe drinking water and groundwater restoration are met to the 

extent possible, although air stripping is inconsistent with policies 

regarding cross-media contamination. Community concerns regarding safe 

water supplies and groundwater remediation are addressed, but concerns 
may arise with facility siting. 

Alternative E-6: Deep Well Extraction/Air Stripping and Carbon 
Adsorption/River Outfall 

The advantages of this alternative are the same as those presented for 
Alternative E-4 since carbon adsorption is again used. The 
disadvantages are also the same but also include the release of 
contaminants to the air. Groundwater protection and safe drinking 
water regulations and policies are met, although policies regarding 
cross-media transfer may not be addressed. Community desires for safe 
water supplies and groundwater treatment are met, but siting of the 
facilities may be an issue. 
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Alternative E-7: Deep Well Extraction/Chemical Oxidation/River Outfall 

The advantages of this alternative are the same as those presented for 
Alternatives E-4 and E-6, except that the two proposed chemical 

oxidation processes have not been as widely used at hazardous waste 

sites as carbon adsorption and air stripping. However, the 
contaminants are destroyed by these oxidation processes during 
treatment on-site. The disadvantages for both oxidation processes 
include the location of remediation facilities on private property. If 
hydrogen peroxide is the oxidant, other disadvantages include frequent 
truck transport of hydrogen peroxide, potential exposure of workers to 
this hazardous substance during maintenance of the treatment facility, 
and possible exposure of the public to hydrogen peroxide from a truck 

accident. Drinking water and groundwater treatment ARARs and 
regulations are met, including policy preferences for permanent 

treatment. Community concerns regarding safe drinking water and 
groundwater treatment are addressed. 

Ranking of Alternatives for Eastern Area 

The situation in the eastern Area is significantly different from that 
in the west and south in that containmant of the groundwater 
conta,ainant plume may not be necessary because the contamination in the 

eastern area will eventually migrate to the western system before 

affecting surface water bodies. The no-action alternative, E-1, is 
still unacceptable for public health reasons since contamination above 
MAC levels may reach additional water supply wells. However, the 

alternate water supply alternative E-2, is no longer unacceptable since 
public health is protected and the only environmental impact manifested 
in the eastern area is the contamination of groundwater. 

The extraction-treatment-discharge alternatives, E-4 though E-7, 
provide some measure of source control, which not only helps to restore 
tile groundwater but more importantly, reduces future contaminant 
migration. Of these alternatives, however, the same three treatment 
systems as in the western area, hydrogen peroxide oxidation (E-7b), air 
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stripping with carbon adsorption (E-6), and carbon adsorption (E-4), 
are unacceptably more expensive than air stripping (E-5) and ozone 

oxidation (E-7a). The more expensive of these two treatment methods, 

ozone oxidation, does have the advantage of being able to remediate the 
groundwater down to MAC or MCL levels for all chemicals, while air 
stripping is somewhat preferable because it is a better-established 
technology and is significantly less expensive ($1.7 million) than 

ozone/UV. 

Based on the preceding analysis, the no-action alternative is excluded 
as it may result in adverse public health effects. Alternatives ~·l-4 
(with carbon adsorption), W-6 (air stripping/carbon adsorption) and 
W-7b (hydrogen peroxide/UV) are excluded because of significantly 
greater costs in comparison to equally effective, lower cost treatment 
options. 

The alternate water supply alternative, E-2, has a present worth of 
about $3.2 million and adequately protects public health; no observable 
adverse environmental impacts are expected in the eastern area because 

the plume is not projected to expand appreciably in this area and there· 
are no surface water discharges. In comparison, groundwater extraction 

and treatment with air stripping or ozone/UV have present worth costs 
of about $5.0 million and $6.9 million, respectively. Both of these 
treatment alternatives also include alternate water supplies, as 
needed, to protect public health. In addition, contamination at the 
secondary source area is removed. 

It may be argued that groundwater treatment in the eastern area does 
not provide sufficient additional environmental improvement to justify 
its increased cost over provision of alternate water supplies. There 
are, however, other considerations which make the extraction and 
treatment alternatives more desirable. The major consideration is that 
the removal of secondary sources of contamination will reduce future 
contaminant migration. Several positive impacts will result: less 
contamination must be removed in the future in other areas, primarily 
in the west; a greater margin of safety will be provided in 
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intercepting the plume migrating west; and less expansion of the plume 

in the eastern area will occur. Another consideration is that source 
control is emphasized in remediation regulations and policies. 

Finally, the cost difference between the alternate water supply and the 
extract ion and treatment alternatives may not be significant if a 

project horizon greater than 30 years is analyzed. It is difficult to 

predict the time it may take to rernediate the site, but preliminary 

estimates indicate that several decades may be required. Extraction of 

secondary source lilateri al wi 11 substantially reduce th is time, thereby 

eliminating several years of operation and maintenance costs and 
perhaps precluding the need to rep-lace extraction and treatment 
equipment. Therefore, the advantages of the extraction and treatment 

technologies are judged to outweight their greater present worth in 

comparison to the alternate water supply alternative. 

As discussed previously for the western area alternatives, air 

stripping is ranked before ozone/UV based on the mini1nal concerns 

associated with the air emissions. The ranking of all the eastern area 
alternatives is presented in Table 6-6. 

6.2 CONSIDERATIONS IN IMPLEMENTING REMEDIAL ALTERNATIVES 

6.2. 1 Cost Savings Associated with Combining Western and Eastern 

Alternatives 

To provide flexibility in selecting remedial alternatives, the greater 

Colbert site was divided into three areas, which have been generally 

treated as independent. Now that the remedial alternatives have been 

ranked, it is appropriate to look at one interaction among the areas, 

the cost savings associated with colilbining sirnilar alternatives. 

The highest ranking extraction, air stripping, and outfall alternatives 
for all areas may be combined to some extent. The most logical place 
to site a single treatment facility would be near the landfill, where 

the groundwater extraction rates are greatest. This option might also 

be used if siting of the facilities in the south is unsatisfactory. 
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Rank 

2 

3 

Unranked 

Unranked 

Unranked 

Unranked 

Rejected 
at First 
Screening 
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TABLE 6-6 
RANKING OF EASTERN AREA ALTERNATIVES 

Alternative 

E-5: Deep Well Extraction/Air Stripping/River Outfall 

E-7: a.) Deep Well Extraction/Ozone/UV/River Outfall 

E-2: Water Supply/Water Use Restrictions 

E-1 : No Action 

E-4: Deep Well Extraction/Carbon Adsorption/River Outfall 

E-6: Deep Well Extraction/Air Stripping & Carbon 
Adsorption/River Outfall 

E-7: b.) Deep Well Extraction/Hydrogen 
Peroxide/UV/River Outfall 

E-3: Point-of-Entry Water Treatment/Water Use 
Restrictions 

6-28 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

However, preliminary cost estimates indicate that the cost to run 
piping from the southern area to the northern area would be greater 
than the cost savings obtained by combining these systems. 

Nevertheless, combining the western and eastern area air strippers and 

river outfall is appreciably less costly, both because of the 

elimination of duplicate components and because the western wells may 
be pumped at a lower rate (see Appendix Cl. The cost of the eastern 
and western air stripping alternatives summed is $6.32 million, while 
combining the systems has a present worth cost of $5.80 million. 

Combining the western and eastern area ozone/UV treatment alternatives 
reduces the present worth cost similarly. The summed cost is $12.6 
million, whereas the cost of the combined alternatives is $11 .0 million. 

6.2.2 Additional Considerations for Design of Outfalls and NPDES 
Permitting 

The proposed outfall locations shown on the various figures were chosen 
to minimize the cost of constructing the outfall by picking a direct 
route from the treatment facility to the creek or river. Obviously, 
during the conceptual engineering stage, a more site specific route 

will be developed taking into account easement restrictions, local 
topography, and suitable stream bed conditions. 

For all of the alternatives in the western and eastern areas an outfall 
to the Little Spokane River is the· method for discharging the treated 
groundwater. The proposed outfall design for the river has diffusers 
to maximize mixing of the discharge with the receiving river water. 
This river, as a tributary to the Spokane River, is considered a 
Class A surface water body (WAC 173-201-080 (105)). Accordingly "Toxic 
material concentrations shall be below those of public health 
significance, or which may cause acute or chronic toxic conditions to 
the aquatic biota, or which may adversely affect any water use" (WAC 
173-201-045, (2) (vii)). 
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For four out of the five extraction/treatment/discharge alternatives in 
each area, the groundwater is treated to comply with EPA MCLs or MAC 
values calculated in the Risk Assessment (Appendix A) to protect public 

health. The residual concentrations of contaminants in the discharge 

are extremely low after treatment and there should be no potential for 
harm to the local aquatic or riparian species. However, for the two 
alternatives, W-5 and E-5, which use air stripping alone to treat the 
contaminated groundwater, the residual concentration of methylene 
chloride exceeds the MAC value calculated for human ingestion in the 
Risk Assessment. This residual concentration is still relatively low 
compared to the current levels detected in the lower aquifer; 
represents 90 percent removal during treatment; and based on the Risk 
Assessment, would still not cause any acute or chronic toxic conditions 

to the aquatic biota. The State of Washington currently does not have 
a receiving water quality standard specifically for methylene 
chloride. Therefore the Water Quality Division of Ecology which 
administers the NPDES permitting program will have to decide if any 
special considerations for discharging this low concentration of 
contaminant will be required (WAC 173-220-130). Considering the 
relatively high flows in the r~ver compared to the discharge, mixing at 
the point of discharge should be adequate. However, if necessary, an 
authorized dilution zone could reasonably be proposed to provide the 
level of dilution and/or additional volatilization deemed necessary to 

protect aquatic life or future potable water supplies downstream. 

For Alternatives S-4, S-5, and S-6 in the southern area, an outfall to 
Little Deep Creek is the recommended method for discharging the treated 
groundwater. The proposed location is in a section of the creek that 
is intermittent most of the year. Therefore, there is rarely any 
receiving water in the creek which can further dilute the discharged 
water. However, the residual concentrations of contaminants are 
extremely low after treatment and, therefore, based on the findings in 
the Risk Assessment, there should be no potential for harm to the local 
aquatic or riparian species. rm outfall into an intermittent creek, 
though, requires other design considerations. Specifically, during no 
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flow or low flow periods, the outfall should be designed to minimize 
localized scouring of the creek bottom in order to insure the long-term 
stability of the outfall structure. The outfall must also be located 
at a sufficient elevation to prevent backflow of the discharge during 
incidents of peak flow in the creek such as snowmelt flooding. 

6.2.3 Regulatory Considerations About Air Pollution Control Equipment 
on Air Strippers 

Removing organic compounds from groundwater using air stripping towers 
will cause the emission of the compounds to the atmosphere. 
Representative uncontrolled emissions are given in Appendix F which 
show that uncontrolled emissions are approximately 10 tons per year 
(based on East or West Area concentrations). 

Emissions of organic compounds may be regulated by air pollution 
control agencies (federal, state, and local) if the compounds are 

photochemically reactive or if the compounds are designated hazardous 
air pollutants. Photochemically reactive pollutants (so-called 
volatile organic compounds [VOCs]) produce smog and ozone when exposed 
to sunlight and oxides of nitrogen. Regulations of the Washington 

Department of Ecology (WAC 173-403: Implementation of Regulations for 
Air Contaminant Sources) subject volatile organic compounds to emission 
limitations, but specifically exclude both 1, 1, 1-TCA and methylene 
chloride [WAC 173-403-030(51)]. 

Since virtually all of the organic compounds to be stripped from the 
groundwater are not considered reactive, air pollution control agencies 
are unlikely to be concerned with the air stripping option for that 

reason. The United States Environmental Protection Agency (EPA) is 
normally concerned only with major sources of air pollution (i.e., 
those over 250 tons per year). The Washington Department of Ecology 
(Ecology) and Spokane County Air Pollution Control Authority (SCAPA) 
are unlikely to be concerned with a source of non-reactive organic 
compounds in an ozone attainment area such as is the case here. 
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On the other hand, some of the organic compounds contained in the 
groundwater are known or suspected hazardous air pollutants. These 
compounds are regulated under the provisions of Section 112 of the 
Federal Clean Air Act (42 U.S.C. 7412) which relates to National 
Emission Standards for Hazardous Air Pollutants (NESHAPS). Hazardous 
air pollutants are specifically regulated because of their potential to 
result in an increase in mortality or serious illness. Both 1,1,1-TCA 
and methylene chloride are under study by EPA for potential inclusion 
as hazardous air pollutants. If included, Ecology would likely 
establish limitations for emissions based on delegation of authority to 
the state to carry out NESHAPS implementation. 

Based on the estimated emissions, and the extremely low concentrations 
of the compounds in the stripper column gas stream, it is unlikely that 
control equipment would be required for this application even if one or 
both compounds is designated for NESHAPS status. Based on a maximum 
concentration in the exhaust stream of less than 0.01 ppm of methylene 
chloride, no significant air quality improvement would result from 
removing the pollutants from the exhaust stream. 

6.2.4 Vapor-Phase Carbon Adsorption Systems for Air Stripping Towers 

As had been discussed, emissions of the chlorinated contaminants from 
the air stripping towers are low enough that current air quality 
regulations would not restrict the emissions and concentrations of air 
contaminants near the towers may not be detectable. Nevertheless, if 
air stripping is the selected remedial technology, it may be judged 
necessary at the time of implementation or at a later date to install 
air emissions control equipment. Activated carbon systems for vapor
phase treatment would likely be the technology of choice, due to the 
affinity of the activated carbon for the contaminants and the fact that 
few, if any, other technologies are commercially available. 

A vapor-phase carbon adsorption system consists of ductwork leading 
from the air stripping tower, an air preheater, a blower, and a packed 
bed or parallel beds of activated carbon. The treatment of the air 
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stream relies on the same basic principles as does liquid phase 

adsorption. The humidity of the air stream significantly affects the 
adsorption efficiency: optimal adsorption is generally observed when 
the relative humidity is 45 to 50 percent. One difference between the 
vapor phase and liquid phase systems is that 3 to 4 feet deep bed of 
carbon is used in the vapor-phase system whereas a bed depth of 10 feet 
is used in the liquid phase system. The carbon is exhausted in a 
similar manner: the bed is gradually saturated with contaminants after 
which contamination "breaks-through." The carbon in the vapor-phase 
system is then vacuumed out and replaced with fresh carbon. 

Some contaminants, in particular methylene chloride, are better 
adsorbed in the vapor phase than in the liquid phase. For example, 
removing methylene chloride from 600 µg/1 to 1 µg/1 in a 1,300 gpm 
liquid treatment system would require 18,000 pounds of carbon per day 
whereas treatment of the gas effluent from an air stripper treating the 
same liquid flow would exhaust about 290 pounds of carbon per day. In 
this example, about 60 times more carbon is required for the liquid 
phase treatment as for the vapor-phase treatment. 

Adding a vapor-phase activated carbon system would not require 
significant changes to an existing air stripping system. Basically, 
the vapor-phase system would be joined to the air stripping tower. 
Because a second blower would be added, the original blower could be 
operated as before. The costs of installing a vapor-phase carbon 
adsorption system include the ductwork; a blower; a 12-foot diameter 
carbon adsorption vessel; an air preheater; a concrete pad; and 
engineering, sales tax, and other indirect costs. Operation and 
maintenance costs consist primarily of electrical costs and carbon 
replacement. Estimated costs for adding a vapor-phase carbon 
adsorption system to the air stripping towers are presented below. 
Similar equipment is used in each case; the carbon consumption and 
power requirements vary. A 10 percent present worth discount factor is 
used. 
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Operation and Present 
System caeital Maintenance Worth 

I Southern $132,000 $28, 700/yr $300,000 

I Southern, wi~h 
recharge $132,000 $28, 700/yr $300,000 

I 
Western $132,000 $241, 000/yr $2,400,000 

Eastern $132,000 $111,000/yr $1,200,000 

I Combined Western 
and Eastern $132,000 $314,000/yr $3,100,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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l. 0 INTRODUCTIOI~ 

The Risk Assessment (RA) analyses detailed in this chapter of the 
report are intended to develop a management fralile\Jork for establishing 
realistic cleanup levels at the Colbert site. The methodology is 
quantitative and for the dermal exposure route a range of criteria 
values associated with a range of risk values is presented rather than 

a single contaminant specific criterion. 

The conceptual framework of the RA analysis is shown in Figure A-1. 
The development of "How Clean is Clean 11 criteria involves a series of 
sequential analytical steps consisting of: 

o identification of the exposed populations (target receptors) 
o identification of the exposure path\lays 

0 

0 

0 

0 

0 

selection of indicator contaminants 

determination of the contaminant intake rate that Hill not 

induce an adverse effect to the target receptors (the 
acceptable dose or AD) 

development of simple models that quantify the transport of 
contaminant from the source to the receptor 

development of probability distributions for model parameters 
quantification of uncertainties and the probability that a 
specified soil concentration will not exceed the AD 

o Interpretation of model results for input to engineering 
feasibility study. 

Each of the above steps are described in detail in the following 
sections. 
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2.0 EXPOSURE EVALUATION 

2. l EXPOSED POPULATIONS 

As summarized in Chapter l, groundwater transport of contaminants has 
been evaluated in the Draft Remedial Investigation Report prepared by 
Golder Associates (1986). Evaluations of site geohydrology indicate 
that groundwater movement within the upper sand/gravel aquifer is a 
major transport mechanism for moving contaminants away from the site. 

At present it appears that contaminant input to the nearby Little 

Spokane River is primarily due to the discharge of overland springs fed 
by the upper sand/gravel aquifer although more direct contaminant 

inflow may occur in the future when the plume in the lower aquifer 
reaches the river. 

2. 1. l Humans 

The Colbert Landfill is located in a semi-rural area. The ~ashington 
State Board of Health estimates a population of about 1,500 people 

within a three-mile radius of the site (Golder Associates, 1986). This 
population is expected to include adults and children of both sexes, 
including sensitive subgroups such as the aged or ill. 

2.1.2 Biota 

Terrain in th~ vicinity of the Colbert Landfill is rolling and vooded 
consisting of grassy undergrowth and mixed deciduous/coniferous 
overstory. Trees and undergrowth occur at greater densities near the 
Little Spokane River. A characterization of site biota was made by 

CH 2M Hill (1983). Wildlife are reported to inhabit the wooded 

areas. These include game animals, birds (songbirds and occasional 
raptors), and small mammals. The Little Spokane River most likely 
supports a varied aquatic cornmunity, though information concerning 
specific types of organisms is not available. 
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The landfill itself is almost entirely void of vegetation except for 
the presence of shrubs and grasses on unworked sections. The presence 
of wildlife in this area is not certain. However, those species whicn 
would likely inhabit this area of the landfill are probably limited to 
birds, insects, small reptiles, and mammals (CH2M Hill 1983). The 

presence of contamination in the aquifer should have little or no 
effect on surface biota in the vicinity of the landfill because 

contamination is reportedly deeper than the root zone layer of most of 

the surface vegetation (Golder Associates, 1986). 

Exposure of terrestrial wildlife inhabiting the adjacent areas of the 
landfill could occur from contact with contaminated groundwater via the 
flow of contaminated springs overland and their subsequent discharge 

into the Little Spokane River. These springs may be better 
characterized as "groundwater seeps" and are not thought to be a main 

drinking source for local wildlife species, though corroborating 
information is not currently available. However, contamination of a 
primary drinking water supply for wildlife is of concern. For the 
purpose .of this risk assessment botn the springs and the Little Spokane 
River will assumed to be drinking water sources for wildlife. Domestic 
animals (horses and cattle) watered with groundwater may also be 
exposed to site contaminants. 

Organisms living in the Little Spokane River are also of concern. 
These aquatic biota could be at risk should the loading of landfill 

contaminants prove to be significant. 

2.2 POTENTIAL ROUTES OF EXPOSURE 

2.2.1 Ground\1ater 

Site groundwaters are presently used as a potable water supply by some 
residents in the Colbert area. Others, even those \lith alternative 
water supplies to their residences, may continue to use groundwater for 
outdoor uses such as stock or garden watering. Many residents of the 
community operate their properties as small crop and livestock farms. 
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Therefore, the potential for health impacts as a result of ingestion of 

groundwater (humans, livestock), ingestion of crops grown in 

contaminated water, ingestion of beef or dairy products from livestock 
grazing in the area, dermal contact from bathing and inhalation of 
volatile contaminants were initially considered. 

Due to the volatile nature of the contaminants detected at the site and 
the fact that the contaminated aquifers are below the root zone of 
local vegetation, it was not expected that exposures due to ingestion 
of crops grown in contaminated waters would pose a significant health 
risk. To substantiate this premise information was sought that would 

permit a worst-case quantitative evaluation of possible exposure via 
this route. 

Initial literature searches for data on crop uptake of indicator 
contaminants (or chemicals similar structurally) revealed that suc1 
studies have not been performed. Additional information was then 
sought from Dr. Bezdichek of the Washington State University Soils and 
Agronomy Department. Dr. Bezdichek referred Envirosphere to Dr. 

Dominic Cataldo, a scientist at Battelle's Pacific North\1est 

Laboratories. Dr. Cataldo has recently conducted studies on tne uptake 

and distribution of chemicals in plants. 

Based on the Cataldo studies and the chemical/physical properties of 
the site contaminants, accumulation in plant tissue is not expected to 
be significant. However, based upon available information it is not 
possible to quantify the amount of uptake. An expanded discussion on 
the Cataldo study is presented in Appendix A.I. Contaminant exposure 
frorn livestock grazing in the area will not pose a human health risk as 
contaminant accumulation in pasture is not expected because the 
contaminated aquifer is below the plant root zone. Additionally, 

livestock feed would likely be supplemented with hay and grains grown 
in other areas. 
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2.2.2 Surface Water 

The Little Spokane River is not currently used as a potable source 
downstream of the site. However, the potential for human health 
impacts as a result of incidental river water ingestion are evaluated 
by comparing the worst-case estimated contaminant concentrations in the 
river to Ambient Water Quality Criteria. Ambient Water Quality 
Criteria under the Clean Water Act are designated to be 
usage-specific. For the protection of human health, these criteria are 

specific for either the consumption of both contaminated water and 
aquatic organisms, or the consumption of contaminated aquatic organisms 

only. Therefore, the criteria ensure protection of human health from 
the ingestion of contaminated aquatic organisms. 

Exposure of aquatic and terrestrial biota to contaminants which may be 
present in the Little Spokane River are evaluated by comparing the 
worst-case calculated river concentrations to Ambient 14ater Qua 1 ity 

Criteria that are designated for protection of fish and other aquatic 

life. Where information is available, comparisons are also made with 
mammalian toxicity data. 
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3.0 TOXICITY EVALUATION 

As described in Chapter 1.0, a number of chemicals have been detected 

in ground\1ater monitoring wells adjacent to the Colbert Landfill. 

Contaminants representative of the potential health risks that could 

occur as a result of exposure to contaminated groundwater were selected 
to perform the risk assessment based on specific criteria. For tl1ese 
indicator contaminants the exposure or 11 Acceptable Dose" (AD) levels 
that the receptor population could sustain were determined. The 
results of these analyses were used as input to the risk assessment 
calculations and the determination of groundwater concentrations that 
may pose a risk to human health. 

3. 1 INDICATOR CONTAMINANTS 

The EPA Superfund risk assessment process is based on selecting 
indicator chemicals that pose the greatest potential public health risk 
(EPA 1985c). The indicator contaminants must be selected to represent 
both toxicity and environmental behavior. EPA advises that chemicals 
from both the noncarcinogen and potentially carcinogenic groups be 
selected. 

Currently, classification of 1,1-Dichloroethylene (DCE) as a carcinogen 

or noncarcinogen is not definitive. For the purpose of drinking water 
standard development, EPA considers DCE to be a Category II contaminant 
for which some limited but insufficient evidence of carcinogenicity 
exists from animal data (50 FR 46885, Wednesday, November 13, 1985). 
The EPA Cancer Assessment Group (CAG) has calculated a cancer potency 
slope for this chemical. For the purposes of selection of the 
indicator contaminants, DCE was evaluated under both classifications. 

For the Colbert site, three of the chemicals identified are potential 
carcinogens. These include Trichloroethylene (TCE), 1, 1,2,2-Tetra

chloroethylene (PCE) and Methylene Chloride (MC). Two of the chemicals 
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identified, Dichloroethane (DCA) and 1, 1, 1-Trichloroethane (TCA) are 
presently considered noncarcinogens. As stated above, DCE is treated 
under both classifications. 

Selection of three indicator contaminants \'/as initiated by identifying 
the maximum concentrations of each chemical in groundwater well samples 
(Table A-1). Utilizing these concentrations, the contaminant dose 

received as a result of groundwater ingestion was calculated based on a 
water consumption rate of 2 liters per day. A "hazard index" was then 

calculated for each chemical as the ratio of the calculated dose and 
the Acceptable Dose (AD, see Section 3.2). Hazard indices greater than 

one indicate an exceedance of the AU while indices less than one 
indicate that maximum site concentrations do not result in an 

exceedance of the AD and therefore do not constitute a health risk via 
the ingestion pathway. 

3.1. l Selection of Representative Carcinogens 

As shown in Table A-1, the highest hazard indices occur for DCE and 

~C. These two chemicals are also characterized by high mobility in 
comparison to TCE and PCE as evidenced by the K

0
c (soil-water 

partition coefficient)J!. 

The frequency of occurrence of TCE, DCE, PCE and MC in well samples was 
also examined. Methylene chloride and OCE occur with the greatest 
frequency being at detectable quantities in 34 and 33 percent of the 
well samples analyzed (Table A-1). Trichloroethylene (TCE) and PCE 

occur in 26 and 14 percent of the well samples, respectively. 

Based on the above considerations UCE and MC appear to be appropriate 

indicator contaminants. To verify the selection of lJCE and MC, the 

dose received due to concentrations of PCE and TCE occurring in well 

1/ A chemical 1 s Koc is used here as an estimator of environmental 
mobility. Chemicals with high values have correspondingly high 
bioconcentration factors, whereas chemicals \lith low values tend to 
be leachable from soil and mobile in groundwater (EPA 1985c). 

3060a 
A-8 



1111 • • • • • 1111 . ... 1111 • Ill • • • • • • .. 
TABLE A-1 

PHYSICAL/CHEtHCAL PROPERTIES AND FREQUENCY OF OCCURRENCE DATA USED 
IN THE SELECTION OF INDICATOR CONTAMINANTS FOR THE COLBERT SITE 

Care i noaens None arc i noaens 

l, 1-Dichloro- l, 1-Dichloro-
Tric h 1 oroeth_yl ene Tetrac h loroethvl ene t1ethylene Chloride ethyl e?e ethyl er 1,1-Dichloroethane 1,1,1-Trichloroethane 

(TCE) (PCE) (MC) (DCE).!. (DCE).£ (DCA) (TCA) 

Concentrations/Tax ic ity 

A:ceptable Dose (AD) 0.0064 0.0014 0.005 0.00006 0.014 8. 1 0.4 

(mg/dav)Y 

Concentration (rng/1 )if 0.23?.! 0.023 §/ 2.5 J! o. 19 ~ 0. 19 0. 56 'jj 5.6 .!QI 

Dose (mg/day).!.Y 0.46 0.046 5 0.38 0.38 1. 12 11.2 

Hazard Index (Dose/AD).!l/ 72 33 1,000 6,333 27 0. 14 28 

Physical/Chemical Data 

)> Mobility (K ) l 3/ 126 364 8.8 65 65 30 152 
I oc 13/ 

<.D Persistence (days)- 90 30 5.8 6 6 5 7 

Vapor Pressure at 20°c 60 14 349 500 500 180 100 

(rmi Hq )Jl/ 

Freguenc y of 0cc urrenc e 

No. Well Samples 34 18 44 43 43 44 72 

Detect ah 1 e-!if 
No. Well Samples.!if 130 130 130 130 130 130 130 

Pere ent 0cc urrenc e 26% 14% 34% 33% 33% 34% 55% 

Footnotes for Table 1 are located on the following paqe. 
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FOOTNOTES TO TABLE A-1 

1/ DCE is evaluated as a carcinogen. 

'l:f DCE is evaluated as a noncarcinogen. 

3/ AD is discussed below in Section 3.2. 

4/ Maximum observed \-Jell concentration. Golder Associates, 1986. 

5/ Wel 1 # CD-2D. 

§/ We 11 # CD-3U. 

7/ Well # CD-4L. 

8/ Wells # CD-1 and CD-SM. 

9/ We 11 II CS-4. 

10/ Well # CD-1. 

11/ Dose is calculated for water ingestion using standard factors for 
body weight (70 kg) and intake rate (2 liters per day). 

12/ Hazard indices less than one indicate no exceedance of the AD. 

13/ Data are from EPA 1985c. Persistence (half-life) data are 
representative of surface waters only. 

14/ Includes all monitoring and private \lell samples analyzed including 

replicates. Sample blanks and spiked samples are not included in 
the tota 1 s. 
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samples 1<1here DCE and MC were not detected Has evaluated oy calculating 
hazard indices. The maximum concentration of TCE in a sample where 
neither DCE or MC were detected was below that which would result in an 
exceedance of the AD (hazard index= Dose/AD= 0.41). For PCE, only 
one sample concentration resulted in a slight exceedance of the AD 
(hazard index = Dose/ AD = 1.4). 

DCE and MC were therefore selected as indicator carcinogens for the 

Colbert site due to their higher mobilities, toxicities and frequencies 
of occurrence as compared to PCE and TCE. 

3.1.2 Selection of Representative Noncarcinogens 

EPA does not presently consider 1,1, 1-Trichloroethane (TCA) to be a 
potential carcinogen (50 Federal Register 46885, Wednesday, November 
13, 1~85); 1,1-Dichloroethane (DCA) is also treated as a noncarcinogen 
(EPA 1985c). As discussed above, limited but insufficient evidence for 

carcinogenicity of DCE exists. As shown in Table A-1, the hazard index 
calculated for these contaminants fro1n maximum observed concentrations 

in well water samples indicates a greater health risk as a result of 
ambient TCA concentrations. The maximum observed concentrations of 

both DCA and DCE occurring in well samples where TCA is not detected do 
not result in an exceedance of the ingestion AD for either chemical. 
Additionally, TCA occurs in 55 percent of the Hell samples analyzed 
while DCA and DCE occur in 34 and 33 percent, respectively. 

Selection of TCA as a representative noncarcinogen appears to be 
warranted because of its occurrence in 1,ell samples at levels 11hich 
exceed the AD ( Tab 1 e A-1) and due to its higher frequency of occurrence 
in the wells sampled. Dichloroethylene (DCE) was initially selected as 
an indicator contaminant based upon its possible carcinogenicity. The 
EPA, however, has decided that the chemical should be considered a 
non-carcinogen, but due to the possibility of controversy over its 
designation it will be evaluated in both categories in this document. 
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3.2 ACCEPTABLE DOSE 

Acceptable Dose (AD) in the context of this study is defined as the 
intake rate which will not induce an adverse effect to the general 

public or will not pose a risk of cancer occurrence greater than a 
predetermined risk level. For noncarcinogens available toxicity data 
are used to estimate a no-effect level. This information is then used 
to calculate an acceptable daily intake rate which is the largest 
amount of toxicant not expected to result in any adverse effect after 

chronic exposure to the general population of humans, including 
sensitive subgroups. 

No threshold mechanism has been universally accepted for carcinogens. 
The potential health risks associated with 54 carcinogens have been 

evaluated by the EPA Cancer Assessment Group (CAG). The results of the 

CAG evaluations are presented in the literature in terms of the 
likelihood that a given intake rate will result in an occurrence of 

cancer in the exposed individual. As discussed below, use of the CAG 
results requires determination of an acceptable risk level which is 
then used to compute the contaminant intake rate associated with that 
risk 1 eve 1. 

The AD values used for the Colbert site risk evaluations are summarized 
in Table A-2. The manner by which ADs have been computed are detailed 

below. Due to the differences cited above, noncarcinogenic and 
carcinogenic contaminants are discussed separately. The acceptable 
dose for 1,1-Dichloroethylene is computed both as a carcinogen and a 
noncarcinogen. 

The computed AO values are used to evaluate the exposure received by 
surface/ groundwater ingestion and derma 1 contact pathHays. Because the 
AD values are based on a tota l oral ingestion rate of contaminant, it 
is necessary to adjust the AD to 111ake it applicable to other exposure 

pathways, such as dermal contact. This is achieved by equating the 
computed oral AD value to a corresponding contaminant blood level which 

accounts for the fraction of the substance absorbed from the 
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T A13LE A-2 

CALCULATED ACCEPTABLE DOSE RATES (AD) 
FOR THE IND! CA TOR CONTAMINANTS 

Criteria 

Proposed MCL (mg/l)bi 

ADY 

Criteria 

CAG Potency s49pe 
(mg/kg/ day)_/ 

10-5 Cancer Risk 

AD 

,o-6 Cancer Risk 

AD 

1/ 
NONCARCINOGE NS-

1,1,1-trichloroethane 1,1-Dichloroethylene 
(TCA) (DCE) 

O. 2 mg/1 

O. 4 mg/ day 

1/ 
CARCINOGENS-

0.007 mg/ 1 

O.014 mg/ day 

Methylene Chloride 1, 1-Dichloroethylene 
(MC) (DCE) 

1.4 x 10-2 mg/kg/day 1. 16 mg/kg/day 

O .05 mg/ day 0. 0006 mg/ day 

0.005 mg/day 0. 00006 mg/ day 

1/ 1,1-Dichloroethylene is evaluated both as a carcinogen and a 
noncarcinogen due to current equivocal evidence of its 
carcinogenicity in laboratory animals (see page A-7). 

2/ 50 FR 46904, Wednesday, November 13, 1985. 

3/ The AD is calculated based on a fluid consumption rate of 2 liters 
per day. 

4/ EPA 1985d. 
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gastrointestinal tract. This 11 normalization 11 is accomplished by 
multiplying the ingestion AD values by the percent of tne contaminant 
absorbed from the gut to the bloodstream. The appropriate AD value is 
then used to calculate a maximum acceptable concentration (MAC) in 
groundwater that would not result in an exceedance of the AD. 

Insufficient data are available at present to quantitatively evaluate 

the health risk to horses as a result of ingestion of groundwater 
contaminated \lith chemicals demonstrated to be rodent carcinogens. 
Data enabling a comparison of rodent or human carcinogen response to 
that of horses were not identified. Specifically, equine cancer data 
for synthetic organic chemicals are lacking, as is data for species 
111ore closely related to horses. Furthermore, scientific data indicate 
that both of these chemicals are mutagenic in bacterial systems. 
Mutagenicity in mammalian cell cultures has also been demonstrated for 

MC. Therefore, it is possible that chronic ingestion of contaminated 
groundwater may pose a threat to equine health. 

In light of the volatility of the Colbert groundHater contarninants, 

1 ivestock owners may reduce exposure 1 eve 1 s through aeration of an ima 1 
drinking water or by permitting such water to stand prior to 
consumption to allow the release of trapped vapors. 

3.2.1 Noncarcinogens 

The acceptable dose for TCA has been calculated from the 0.2 111g/l 

proposed Maximum Contaminant Level (MCL), ( 50 Federal Register, 46904, 
Wednesday, November 13, 1985). The acceptable dose for OCE has been 
calculated from the proposed MCL of 0.007 mg/ 1 (50 Federal Register, 
46904, Wednesday, November 13, 1985). 

Using a fluid consumption rate of 2 liters/day, the human AD for TCA 
can be computed as: 

AD= 0.2 mg/1 x 2 1/day = 0.4 mg/day 
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The acceptable dose for DCE is similarly calculated as: 

AD= 0.007 mg/1 x 2 1/day = 0.014 mg/day 

The computed acceptable water concentrations for livestock exposed to 
TCA and DCE are calculated by recomputing the Adjusted Acceptable Daily 
Intake (AADI) on which the above RMCLs for TCA and DCE are based. This 

is achieved by factoring in the increased weight and water consumption 
rate of a typical horse. The No-Observed-Adverse-Effect-Level (NOAEL) 

used in calculating the hur.1an AADI was also used for horses. Hm,ever, 

the uncertainty factor applied for human criteria development was 

reduced from 1,000 to 100 to eliminate the uncertainty of extrapolating 
animal data to humans. [ Note: Refer to 49 Federal Register, 24338 

Tuesday, June 12, 1984 for the AADI methodology. J The uncertainty in 
extrapolating the NOAEL from laboratory rodents to another species such 

as a ruminant which has a digestive system different from either 
rodents or humans is accounted for by the uncertainty factor of 100. 

The resulting equine acceptable drinking water concentrations for TCA 
and DCE based on a 30 liter/day (8 gallon) consumption rate are 4.37 
mg/1 and 1.25 mg/1, respectively. 

3.2.2 Carcinogens 

The cancer potencies for DCE and MC have been evaluated by the EPA 
Cancer Assessment Group (CAG) using the linearized multistage model 
(EPA 1985d). The CAG evaluations provide the basis for co1i1puting an 
acceptable dose (AD) for these chemicals. 

The linearized multistage model is a mathematical formulation tnat 
describes the linear nonthreshold dose-response relationship at low 

doses. The multistage model ernploys enough arbitrary constants to be 
able to fit almost any monotonically increasing dose-response data, and 
it incorporates a procedure for estimating the largest possible linear 
slope (in the 95 percent upper confidence limit) at low extrapolated 
doses that is consistent with the data at all dose levels of t he 
experiment. 
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The 95 percent upper confidence limit of the extra risk 
at a specific dose is calculated using a version of the 
program GLOBAL 79 developed by Crump and Watson (1979). 

over background 

computer 
The upper 

confidence limit for the extra risk calculated at low doses is always 

linear; the slope is taken as a plausible upper bound of the potency 
(i.e., relative response per unit dose) of the chemical in inducing 
cancer at low doses. 

The methods used by the EPA/CAG for quantitative assessment are 

consistently conservative, i.e., tending toward conservative estimates 

of risk. The linear extrapolation model provides a rough but plausible 
estimate of the upper limit of risk; i.e., it is not likely that the 
true risk would be more than the estirnated risk, but it could be 
considerably lower. The risk estimates presented should not be 
regarded as accurate representations of the true cancer risks even when 

the exposures are accurately defined. (EPA 1985d, pg. 11-115). 

It is important to note that the potency slopes are computed by 
assuming that the contaminant dose is received over an average lifetime 

of 70 years (Anderson et al. 1983). Therefore, Hhen AD values are 
computed from these slopes for a selected risk level, the dose is al so 

assumed to be received over a 70 year lifetime and tne computed AD is 
applicable to all life stages. 

Typically EPA considers risks on the order of 10- 5 to 10- 7 \/hen 

selecting an acceptable risk level (i.e., one chance in one hundred 
thousand to one chance in ten million). Appropriate remedial action 

levels will be evaluated for t\rn risk levels, 10- 5 and 10-6. 

For these specified risk levels the associated ADs for DCE and MC can 
be calculated as follows: 

POTENCY SLOPE = RISK 
....,AD,,__{ m-g ....... / .--kg ....... / ..,..da-y) 
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solving for AD, 

AD= RISK/SLOPE 

For OCE the potency slope is equal to 1.16 (EPA, 1985d). Assuming 

lifetime exposure and a risk level of 10- 5: 

-5 -6 AD = 10 /1. 16 = 8.6 x 10 mg/kg/day 

-4 For a 70 kg adult, AD= 6.0 x 10 mg/day. 

-6 -5 At a risk level of 10 the corresponding AD= 6 x 10 mg/day. 

-2 For MC the potency slope is equal to 1.4 x 10 (EPA, 1985d). Again 

assuming lifetime exposure and a risk level of 10- 5, 

-5 -2 -4 AD = 10 /1 . 4 x 10 = 7 . 1 x 10 mg/ kg/day. 

For a 70 kg adult, AD = 5.0 x 10- 2 (0.05) mg/day. 

For a risk level of 10-6 the calculated AD for MC is 
5 x 10-3 (0.005) mg/day. 

As discussed above, data on which to base an acceptable dose for 
livestock exposed to the carcinogens MC and UCE are not dVailaDle. 
Therefore, quantification of the health risk to horses Jue to the 
ingestion of contaminated groundwater is not possible. 
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4.0 RISK CHARACTERIZATION 

4.1 METHODOLOGY 

Risks associated with ingestion of groundwater are evaluated directly by 

comparison with water quality criter i a or by assuminy a daily water 

consumption rate of 2 l iters. The potential for health risks as a result of 

inhalation of volatiles are evaluated by two methods using worst-case 
assumptions and by comparing predicted ambient concentrations to available 
OSHA standards. 

In order to relate an acceptable dose (AD) to groundwater concentrations 
mathematical models were used to simulate the transport of the contaminant 
from the source to the receptor population for the derrna l exposure path1-1ay. 
The pathway is expressed as an algebraic equation which is solved to 

calculate the Maximum Allowable Concentration (MAC) which results in an 
acceptable dose. The basis for the pathway models used is detailed in 
Section 4.2. 

In general, the value of all input parameters to the models cannot be known 
with certainty. This uncertainty is due to inadequate data or an incomplete 

understanding of the physical, chemical, and biological processes 
controlling the environmental behavior of a contaminant . 

In order to analyze the uncertainty in each path~1ay model resulting fror11 the 
input data, parameter values are specified as probability distributions. 
Each distribution is then statistically sampled using the Latin Hypercube 

Samp l ing (LHS) technique and the selected values are randomly combined to 
form data sets vdth 1-1h ich to compute the MAC value. The cu1ilulative 
frequency distribution of computed MAC values can then be used to express 
the probability that a specified groundwater concentration wi l l result in 
the receptor receiving a contaminant dose just equal to the calculated AD. 
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Developing technically sound and defensible probability distributions 

for the input parameters is an important phase of the risk analysis 
approach. If th ere is sufficient data for the parameter, stat i st i ca 1 

techniques may be used to fit the data to an appropriate distribution. 
If the data is sparse or does not fit any standard distribution, the 
cumulative density function (CDF) may be directly input into tne model 
as a user specified distribution. The basis for the distributions 
developed in this study is described in Section 4.4 of this report. 

Model uncertainty about the validity of the conceptual models, 
mathematical expressions, and assumptions used in structuring the model 
cannot be quantified. This form of uncertainty is generally addressed 

by validation, verification and examination of model sensitivities 
relative to credible alternative model formulations. Peer review is 

often used for model validation. For the Colbert analysis, dermal 

exposure is simulated using a worst case formulation and a metllod 
recommended by EPA (1985c). The EPA recommendation is considered to be 

"peer revie\ved 11 and is relied upon for interpretative evaluat ions. No 
other reviev, or validation has been undertaken to address model 
uncertainty. 

This methodology is intended as a screening tool for decision making 
and presents a range of values rather than a single contarnindnt 
specific criterion. For each pathway, the exposure evaluation is uased 
upon conservative assumptions and the best available data. Therefore, 
there is high confidence in the result that an exposure pathway does 
not pose a health risk. However, if available data are sparse, the 
result that an exposure pdthway results in an exceedance of the 
acceptable dose and that as a result, acceptable water concentrations 
are very low indicates that the pathway warrants more detailed analyses 
both in the system representation and the specific and probabilistic 

model parameters used. Such additional analyses \vould likely require 
experimental study or expert consultation. 
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4.2 PATHWAY MODELS 

As discussed in Section 2.2, a number of potentially significant 
pathways for exposure to site contaminants have been identified. These 
pathways include ingestion (water and crops) dermal contact (bathing) 

and inhalation (volatile vapors). The basis for the exposure rilodels 
involves quantifying the contaminant dose that the receptor population 

receives as follows: 

Dose= Intake or contact rate x Contaminant concentration in water 

Substituting Acceptable Dose (AD) for Dose yields: 

AD= Intake rate x Concentration 

Rearranging the equation to solve for the water concentration at wnich 
the receptor would receive an exposure just equal to AD yields the 
final equation: 

AU 
Maximum Acceptable Concentration (MAC) = Intake Rat 

The models used for each of the exposure pathways identified for t11e 
Colbert Landfill are presented below. All model parameters are defined 
and the assumptions and limitations of applying the equations are 
stated. As discussed above, parameter probability distributions are 
developed for those parameters whose environmental behavior cannot be 

specified \'lith certainty. The parameters for which probability 

distributions have been developed are indicated 11ith an asterisk(*) . 

For input parameters such as water ingestion rate, commonly used 
representative values have been determined from the literature. The 

selected values are generally conservative in nature and are consiJered 
to be representative of the population at risk and the site 

conditions. The development of probability distributions for each 
equation parameter are detailed in Section 4.4. 
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4.2. 1 Ingestion of Conta1ninated Groundwater (Humans) 

Potential risks as a result of groundwater or surface water ingestion 
for the noncarcinogens TCA and DCE are evaluated for humans by 

comparing observed ground\-1ater concentration data and predicted surface 
water (river) concentration data to the proposed Urinking Water 

Criteria and Ambient Water Quality Criteria (protection of human 
health), respectively. These comparisons are presented in Table A-4, 
Section 5.1. 

For the carcinogens, a maximum acceptable water concentration (MAC) is 
calculated by assuming that all of the acceptable dose is received in 
the drinking v1ater as follm,s: 

MAC ( /1) = AD (mg/day) where 
mg IR (1/day) 

MAC= Maximum acceptable concentration 

AD = Acceptable dose rate based upon cancer potency (mg/day) 
IR = Water ingestion rate; 2 1/day 

Potential risks which could result from the ingestion of groundwater or 
surface water contaminated by carcinogens is evaluated by comparing 
computed Maximum Acceptable Concentration (MAC) values to groundwater 
concentration data and predicted river concentration data. These 
comparisons are presented in Table A-5, Section 5.1. 

4.2.2 Ingestion of Contaminated Groundwater (Livestock) 

Potential risks to the health of horses as a result of groundwater or 
surface water ingestion are evaluated for the noncarcinog~ns TCA and 
DCE by comparing the computed equine maximum acceptable concentrations 
(MAC) with the observed groundwater/springwater concentrations and 1,iith 

the predicted river concentrations. These comparisons are presented in 
Table A-16, Section 5.5. 
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4.2.3 Dermal Contact with Contaminated Groundwater 

No universally accepted formulation for tnodelling dermal exposure to 
contaminated groundwater was identified. Exposure via this route was 
evaluated using two different formulations. 

The first formulation, which can be considered worst-case, assumes that 

the exposed population bathes once per day for a period of time 
sufficient to achieve equilibrium between contaminant levels in the 

water and in the receptor's bloodstream. The octanol-water partition 

coefficient K which represents the tendency of a contaminant to ow 
partition between the organic and water phases is assumed to be 
representative of the tendency of the contaminant to partition from the 

water to human skin. Contaminant adsorbed on the skin is then assumed 
to be absorbed into the bloodstream. Rates of absorption are not 

considered; rather, it is assumed that equilibrium is achieved within 
the period of immersion. As a result of these assumptions the 
acceptable water concentrations computed are quite conservative. The 
MAC values computed using this formulation are three orders of 

magnitude loHer (i.e., more conservative) than those calculated using 
more realistic assumptions (See Section 5.2). 

AON (mg/day) 
MAC = ---,----,--.------.-----.-.--~--

( g water) x SC (g skin) 
1,000 g 

x liter 
(g skin) (day) x FD 

\'lh ere: 

MAC = Maximum acceptable concentration (mg contaminant/ 1 \later) 

AON = Acceptable Dose rate normalized to blood level= AD*FG 

AD= Acceptable Dose rate based upon ingestion studies (mg/ day) 
*FG = Fraction of ingested substance absorbed into blood 

3060a 

*FD= Fraction of contacted substance absorbed into the blood 
SC= Skin in contact Hith contaminated water (g/day) 

= SA x T x D 

*SA = Surface area of exposed skin (CM2). 
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T = Skin (epidermis) thickness (total skin thickness for the 
epidermis= 0.005 cm for both male and female adults; 
(ICl{P, 1976). 

D = Skin (epidermis) density (maximum estiinate of epidermal 

· density = l • 190 g/ cm3
; I CRP, 1976). 

*K = Octanol water partition coefficient: ow 
= g contaminant/g skin = g water 

g contaminant/g water g skin 

The second dermal contact formulation which is recommended by EPA 
(1985e) is based on the assumption that contaminants are carried 
through the skin as a solute in water which is absoroed (rather than 
being preferentially absorbed independently of the v1ater) and that the 

contaminant concentration in the water being absorbed is equal to the 

ambient concentration. Thus, the flux rate of water across the skin 

boundary is assumed to be the factor controlling the conta,ninant 

absorption rate. According to Scheuplein and Blank (1971) (as reported 

in EPA 1979), the flux rate of water through human skin ranges from 0.2 
2 to 0.5 mg/cm /hr. 

MAC 
\o/h ere 

= D x SA x Flux x 
1,000 mg 

ml X 
1,000 ml 
liter 

MAC= Maximum Acceptable Conc~ntration (mg/1) 
D = duration of an exposure event, hours/day (for bathing, 0.5 hr is 

assumed). 

*SA= skin surface area available for contact (cm2) 
*Flux = flux rate of Hater across skin (mass/cm2/hr) 
AON= Acceptable dose normalized to blood= AD*FG (mg/day) 
AD = Acceptable dose determined from ingestion studies (ing/day) 
*FG = Percent of contaminant absorbed from the gut to the bloodstream 
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4.2.4 Inhalation of Groundwater Volatiles 

Volatilization and subsequent inhalation of contaminants from shower 
water is also modelled in two different ways. The first method is 
based on the assumption that all contaminants are stripped (i.e., 

volatilized) from the water during snowering. A ten-minute shower 
duration using 40 gallons of shower water in a 7.5 ft x 12 ft x 8 ft 

(20 m3) bathroom with no ventilation is assumed. 

Cw x 40 gal x 3.785 1/gal 

20 m 

where: 

CA = ambient vo 1 at i 1 e concentration mg/ m3 

C = volatile concentration in \iater mg/1; maximum concentrations Iv 
observed. 

The second model (Andelman 1985) is a single compartment model lihich 
includes parameters to account for both exchange of air with the 

outdoors (ventilation), and incomplete mixing of air indoors. This 
model considers a 11 indoor water use for a family of four. The water 

usage was estimated at 620 liters/day (30 1/hr). This is estimated to 
provide four 151 liter (40 gallon) sho1-1ers; leaving 115 liters per day 

for other uses such as laundry, waste removal, etc. Like the slimier 
model, the Andelman model also assumes that the contaminant is 
completely volatilized. 

4.3 LITERATURE SEARCH 

An extensive search of the scientific 1 iterature 11as accomplished by 

conducting a computerized search of appropriate informdtion data bases 
available through the Dialog Information Retrieval Service. The Dialog 
System uses three independent computers, each of which is accessed via 
different telecommunication ports. Data bases searched included 
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Scisearch, CA Search (Chemical Abstracts), Enviroline, Siosis Previews, 
Chemical Exposure, Pollution Abstracts, Medline, Envirofate and 

Agricola; a brief description of each of these data bases is presented 
in Appendix A.II. 

Input to the data base searches included the individual contaminant 

names and key words which included: absorption (intersected with other 

key words such as lung, respiratory tract, inhalation, dermal, skin, 
percutaneous, gastrointestinal tract, blood, ingestion and gut), 

Henry's Constant, octanol, volatilization (intersected with air, soil, 
and ~,ater), partition (intersected with air, soil and water) and plant 
or crop together with uptake. 

The computer search identified numerous reference titles together witn 

journal citations. These were screened and 40 articles were identified 
as potentially useful. Articles in foreign languages were not 

considered in this initial screening. Thirty-eight of the selected 

articles were available from in-state libraries. The articles 
pertinent to model parameters are presented below in Table A-3 11ith the 
corresponding references. 

4.4 PROBABILITY DISTRIBUTIONS 

4.4. 1 Gut to Blood Partition Factor (FG) 

Methylene Chloride (MC) 

Only one source was identified which addressed the extent of MC 

absorption from the GI tract following oral administration. Research 

of McKenna and Zempel (1981) utilizing rats was summarized in a Health 
Effects Assessment document for methylene chloride (EPA 1985f). 
Absorption in this study ranged from 92 to 96 percent and was 
determined from the recovery of radioactive labels in urine, feces an d 
expired air of the subjects (Table A-3). In light of the limited 

information available and the high animal absorption indicated, human 
absorption is assumed to be absolute (100 percent). 
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N 
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Parameter 

Gut Partition 
Factor (FG) 

Gut Partition 
Factor (FG) 

Gut Partition 
Factor (FG) 

Octanol/Water 
Partition 
Coefficient 
(Kowl 

Octanol/Water 
Partition 
coefficient 
(Kowl 

3325a 

- • -
Chemical 

Methylene Chloride 

1,1-Dichloroethylene 

1,1-Dichloroethylene 

1,1-Dichloroethylene 

• • • • • • • • • • - • • 
TABLE A-3 

CHEMICAL SPECIFIC PARAMETERS 

Range/Value Subjects Comments References 

92-96 percent Rats Values represent recovery of radioactively labelled McKenna and Zempel 1981 as 
Methylene Chloride from urine, feces and expired air. summarized in U.S. EPA 1985c. 
Exposure Concentration= 150 ppm. 

93 percent Rats 

81-100 percent Rats 

94-99 percent Rats 

Values represent recovery of radioactively labelled 
1,1-Dichloroethylene from urine, feces, expired air, 
tissues and skin. Exposure concentration= 1 mg/kg 
Monitoring Period= 72 h 

Values represent recovery of radioactively labelled 
1,1-Dichloroethylene from urine, feces, expired air, 
carcass and tissues, and cage residues. 
Exposure concentrations= 0.5, 5.0, 50 mg/kg 
Monitoring Period= 72 h 

McKenna et al. 1978 

Reichert et al. 1979 

Values represent recovery of radioactively labelled Jones and Hathway 1978 
1,1-Dichloroethylene from urine, feces and expired 
air. Exposure Concentrations= 500 µg/kg and 350 mg/kg 
Monitoring Period= 72 h 

1,1,1-Trichloroethane 100 percent Human No absolute percentages are disclosed in this summary U.S. EPA 1984a 
document. Absorption from the GI tract is specified 

Methylene Chloride 17.8 

Methylene Chloride 18.2 

1,1-Dichloroethylene 69 

to be "rapid and complete." 

U.S. EPA 1984b 

51 Federal Register 1716, 
Tuesday, January 14, 1986 

U.S. EPA 1984c 

-
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Parameter 

Octanol/Water 
Partition 
Coefficient 
(Kowl 

Body Surface 
Areas (SA) 
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Chemical Range/Value 

1,1,1-Trichloroethane 295 

1,1,1-Trichloroethane 316 

9,400 cm2 

18,150 cm2 

16,000 cm2 

18,000 cm2 

8,230 cm2 

• • • • • • • • • • 
TABLE A-3 (Continued) 

CHEMICAL SPECIFIC PARAMETERS 

Subjects 

Average child, 
ages 2-12 

Average adult, 
ages 20-30 

Adult female 

Adult male 

Child, 
Age 2-12 

Co111Tients 

Male and female 

Male and female 

Age range not specified. 

Age range not specified. 

Value represents the average of the total body 
surface area for each age group. Assumed to 
be inclusive of male and female children . 

References 

U.S. EPA 1984b 

U.S. EPA 1985c 

Anderson et al . 1985 

Anderson et al. 1985 

ICRP 1976 

ICRP 1976 

ICRP 1976 

• -
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l, 1-Dichloroethylene (DCE) 

Three studies were identified which quantitatively addressed the extent 
of DCE absorption from the GI tract of rats following oral 

administration. All studies utilized different exposure concentrations 
(Table A-3). The extent of absorption in all three studies was 
determined as the ratio of the labeled compound recovered in biological 

waste and tissue to that initially administered. Absorption values 
ranged from a low of 81 percent to a high of approximately 

100 percent. The probability distribution was specified as uniform 
between the observed endpoints (i.e., a 11 va 1 ues between 80 and 100 
percent have an equal probability of occurrence). 

1,1,1-Trichloroethane (TCA) 

No human or animal studies were identified which quantitatively 
addressed the extent of absorption of TCA following oral 

administration. However, the Hea 1th Effects Assessment document for 

TCA (EPA 1984d) states that the chemical is "rapidly and completely" 
absorbed from the GI tract of humans (Table A-3). Therefore, a value 
of 100 percent was assigned to this parameter. 

4.4.2 Dermal Absorption (FD) 

Data which quantitatively addressed the percent of dermal absorption 
for each of the indicator contaminants were not located in the 

literature. However, absorption through the skin is expected to be 
highly variable. Factors such as duration of exposure and the 

thickness, age and vascularity of exposed skin influence the amount of 
chernica l that can penetrate the skin ( Stewart and Dodd 1964). 

Absorption rates vary among individuals, and even for the same 
individual over time. Variables such as age, sex, ratio of body fat, 

previous exposure, nutrition, type and amount of skin exposed as well 

as the specific conditions of exposure will all affect actual 
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absorption. Rates obtained from healthy adults will tend to 

underestimate absorption for younger or more sensitive populations 
( Brown et a 1. 1984). 

Measurement of absorption rates for volatile organic compounds via 

immersion of an extremity such as a thumb or Hhole hand Hill not 
reflect actual absorption which may occur in cases of whole body 
immersion such as during swirrrning or bathing. For example, the 
epidermis of the hand represents a greater barrier to penetration of 

volatile organics than does that of many other parts of the body, 
including the scalp, forehead, abdomen, and underarm. Penetration 
through the scrotum, in fact, is estimated to be 100 percent, as 

compared to 8.6 percent for the forearm (~rown et al. 1984). Soaps and 

surfactants will also increase skin permeability significantly (Brown 
et a 1. 1984). 

The percent absorption for the indicator solvents has been expressed as 
follows. For 50 percent of the exposed skin, an absorption rate 
ranging between 5 and 10 percent is used. This has been selected based 

upon the assumption that half of the oody (legs, arms, hands and feet ) 
,,ill have a lower absorption comparable to the 8.6 percent absorption 

reported by Brown et al. for forearms. The other half of the body 
surface area is assumed to be more susceptible to penetration. 

Absorption ranging between 50 and 100 percent is assumed for these 
areas. The probability distributions are expressed as uniform bet,,een 

the specified endpoints. Thus all values within the range have an 
equal probability of occurrence. 

The surface area of exposed skin was also assigned a uniform 

probability distribution ranging between 14,000 and 20,000 cm2 based 
upon reported average values {see Table A-3). 
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4.4.3 Octanol Water Partition Coefficients 

Limited data are available for the octanol water partition coefficients 
of the indicator contaminants. Data that were identified during he 
information search are summarized in Table A-3. Reported values do not 
appear to be highly variable. Based upon the limited information 
available, all distributions were specified as uniform ranging between 
the endpoints as specified below: 

TCA 250, 300 
MC 15, 20 

DCE 50, 100 

3060a 
A-30 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.0 INTERPRETIVE EVALUATIONS 

Maximum Acceptable Water Concentration (MAC) values for the indicator 

contaminants have been computed for the ingestion and dermal contact 

exposure routes. As described earlier, the probability that a given 
concentration results in an exceedance of the Acceptable Dose (AD) has 
been quantified for the dermal pathway. The results have been used to 

evaluate the relative importance of different exposure routes and to 
calculate a cumulative MAC value for carcinogens that accounts for 
exposure from all pathways. The results of the pathway specific 
evaluations performed are presented in the follmling sections follm,ed 
by the cumulative analyses for carcinogens over all exposure pathways. 

A cumulative MAC value is not calculated for the noncarcinogen 
chemicals because the drinking water standards upon which the AD values 

have been based were developed by assuming that 20 percent of the total 
daily intake will be received from drinking water (i.e., the daily 
intake could actually be 5 times higher without causing an adverse 
effect). For these analyses 20 percent of the daily total are 
attributed to drinking water and 20 percent to dermal exposure. Tnus, 
an additional 60 percent could be received from unknown exposure 

sources which is consistent with the EPA criteria development approach. 

The contributions of both the ingestion and dermal exposure routes to 

the cumulative carcinogen MAC values were computed and compared. The 
cumulative MAC values v1ere calculated using the formulation recommended 
by Rosenblatt et al. (1982): 

Cumulative MAC= [1/MAC Ingest+ 1/MAC Dermal J-l 

This formulation . is based on the fact that for protection of human 
health, the receptor should not receive a combined daily dose from all 
exposure routes in excess of the AD value. The cumulative MAC value 
is, therefore, lower than any of the single exposure route values. 
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Note, however, that where the value for one pathway is much lower than 

that for all other pathways, the cumulative value closely approximates 

the most conservative pathway MAC. 

5. l INGESTION PATHWAY 

5.1. l Noncarcinogens 

The proposed Drinking Water Criteria for the noncarcinogens 1,1,1-
Trichloroethane (TCA) and 1,1-Dichloroethylene (DCE) are compared to 
measured groundwater concentrations in Table A-4. As shown in Table 
A-4, exceedances of the proposed EPA Drinking Water Criteria for TCA 
and DCE do occur in ground'v1ater. The Drinking Water Criteria are 

developed based upon the assumption that 20 percent of the acceptable 
daily intake will be received from drinking \later and are designed to 
be protective of the general population and sensitive subgroups 
consuming water from potable sources. Therefore, chronic ingestion of 
groundwater at concentrations that exceed the criteria levels may 
constitute a public health risk. 

The percentage of the monitoring and private wells sampled in which 
exceedances occurred are summarized below: 

Chemical 

TCA 

DCE non-carcinogen 

3060a 

PERCENT OF SAMPLED WELLS 
EXCEEDING THE PROPOSED MCLs 

Monitoring Wells 

62% 

54% 

A-32 

Private Wells 

3% 

8% 
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TABLE A-4 

COMPARISON OF WATER QUALITY STANDARDS 
FOR NONCARCINOGENS TO OBSERVED GROUNDWATER 

ANO PREDICTED SURFACE WATER CONCENTRATIONS 

1,1,1-Trichloroethane 
(TCA) 

1,1-Dichloroethylene 
(DCE) 

Ground Water 

Proposed Orinkiog Water 
Standard (MCL) ~ 

Maximum Observed Concentration 
in Groundwater 'l:/ 

Exceedance of Proposed MCL 

Surface Water 

Ambient \~ater Quality Criteria'}/ 

Predicted Low-flow Concentration 
in Little Spokane River~ 

Exceedance of Ambient Criteria 

Predicted Mean Flo\1 Conqmtration 
in Little Spokane River~ 

Exceedance of Ambient Criteria 

(mg/1) 

0.2 

5.6 

Yes 

18.4 

0.053 

No 

0.017 

No 

Footnotes to Table A-4 on following page. 
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0.007 

o. 19 

Yes 

0.033i! 

0.0037 

No 

0.0012 

No 
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1/ 

2/ 

3/ 

4/ 

5/ 

6/ 

FOOTNOTES TO TABLE A-4 

50 Federal Register 46904, Wednesday November 13, 1985. 

Golder Associates, 1986. ~~ell No. CD-l(TCA) and Well No. CD-1 and 
CD-8M(DCE). 

45 FR 79328 Friday, November 28, 1980. Criteria is for the 
protection of human health from the ingestion of contaminated water 
and aquatic organisms. 

Criteria is calculated for a risk level of 10-6 under the 
non-threshold assumption for this chemical. 

Predicted low flow concentrations of contaminants are calculated 
from observed groundwater concentrations (Golder Associates 1986) 
and river flow data (Williams and Pearson 1985). Low flow 
conditions constitute drought conditions occurring every 10 years 
for a period of 7 days. 

Predicted mean flow concentrations of contaminants are calculated 
from observed groundwater concentrations (Golder Associates 1986) 
and river flO\i data (Williams and Pearson 1985). 
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As shown, exceedance percentages are highest in the monitoring \/ells. 

For the noncarcinogens an exceedance of the MCL was observed in eight 
percent of the private wells sampled. 

Predicted surface water concentrations of TCA and DCE under different 
flow regimes are also compared to Ambient Water Quality Criteria in 
Table A-4. As shown, no exceedances of criteria occur. Therefore, 

adverse health effects due to ingestion of aquatic life or river water 
are not expected. 

As discussed in Chapter l, predicted river concentrations are esti1nated 
for an unremediated groundwater scenario in which the contaminated 
lm1er aquifer discharges directly into the Little Spokane River. Hased 
on the present contamination data with no groundHater remediation, 

future levels of contamination in the Little Spokane River due to the 
Colbert site will not likely be higher than those predicted. 

5.1.2 Carcinogens 

The Maximum Acceptable Concentration (MAC) values computed for the 
carcinogens methylene chloride (MC) and l, 1-Dichloroethylene (DCE) are 
summarized below for risk levels of 10-6 and lU- 5. 

Risk Level 
MC 

DCE 

10-6 

0.0025 

1/ 
MAC-

(mg/1) 

10-5 

0.025 
3 X 10- 5 30 X 10-S 

1/ The MAC is calculated as the quotient of the Acceptable Dose Rate 
and a media-specific exposure assumption. For ground\~ater, this 
corresponds to a consumption rate of 2 liters of water per day. 
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These MAC values are compared to both measured groundwater and 
predicted surface water concentrations in Table A-5. As shown, 
exceedances of the MAC values occur in groundwater for both cancer risk 

levels. These exceedances of the MAC values indicate that chronic 
ingestion of contaminated groundwater may pose a risk to human hea 1th. 

The frequency of exceedances are tabulated below: 

PERCENT OF SAMPLED WELLS 
EXCEEDING THE INGESTION MAC VALUES 

Chemical Monitoring Wells Private ~~e 11 s 

Risk Leve 1 10-6 10-5 10-6 10-5 

DCE 71% ( 75%) 18% ( 18%) 

MC 46% (42%) 47% ( 10%) 

As shown, the exceedance frequency for carcinogens is a function of the 
selected risk level. Again the frequency of exceedance is greatest i n 
the monitoring wells. 

The classification of DCE as a carcinogen is controversial; therefore, 

use of the MAC values for OCE which are based upon CAG values may be 

overly conservative. Additionally, the computed MAC values for DCE at 
either risk level will be difficult to attain given the current 
detection limits for this chemical. The EPA, in 50 FR 46907, November 
13, 1985, estimated that most laboratories could achieve a ±. 40 
percent precision and accuracy for volatile organics at a Practical 
Quantification Level (PQL) of 0.005 mg/1. This is more than a hundred 
times larger than the MAC derived for DCE as a carcinogen at a 10-6 

level. Even the best laboratories can reach a Method Detection Level 
(MDL) of 10 to 25 times below the PQL, still far from the level 
required. As discussed in the preceding section, 8 percent of the 
private well samples analyzed exhibited exceedances of the proposed 
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TABLE A-5 

COtWARISON OF CARCINOGEN INGESTION MAC VALUES 
TO 11AXIMUM GROUNDWATER AND' PREDICTED SURFACE WATER CONCENTRATIONS 

METHYLENE CHLORIDE 

Groundwater Concentrations 

MAC ( mg/ l) .lf 
Maximum observed concentration in 

groundwater (mg/ l lY 
Exceedance of MAC 

Predicted Surface Water Concentrations 

Predicted low flow river concentration (ng/1 ).Y 
Exe eedanc e of MAC value 

Predicted mean flow river concentration (m9/l )i/ 
Exceedance of MAC value 

l,l-DICHLOROETHYLENE 

Groundwater Concentrations 

l1AC (mq/1) 

Groundwater or Predicted 
Surface Water Concentration 

(mg/1) 

2.5 

0.024 

0.0076 

11aximum observed concentration in groundwater (mg/1) 
Exceedance of 11AC 

0. 19 

Predicted Surface Water Concentrations 

Predicted low flow river concentration (r.iq/1) 
Exe eedanc e of MAC va 1 ue 

Predicted mean flow river concentration (ng/1) 
Exceerlance of tlAC value 

0.0037 

0.0012 

1/ Maximum kceptable Concentration (calculated. See Section 5.1) . 
'l/ Golder Associates 1986 . 

Risk level 
6 10-5 10-

(mq/l) 

0.025 0.0025 

YES YES 

NO YES 

NO YES 

30 X ,o-5 3 X ,o-5 

YES YES 

YES YES 

YES YES 

• • • • 

3/ Predicted low flow concentrations of contar1inants are calculated from groundwater concentrations (Golder Associates 1986) and river flow data 
(Williar1s and Pearson 1985). Low flow conditions constitute drouqht conditions which are predicted to occur every 10 years for a period of 7 
days. 

4/ Predicted mean flow concentrations of contaminants are calculated from observed qroundwater concentrations (Golder Associates 1986) and river 
flow data (Williams and Pearson 1985). 
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drinking water MCL. Selection of the final clean-up levels required 
for DCE could be dependent upon whether decisionmakers consider this 
compound as a carcinogen. 

Comparison of the worst case predicted surface water concentrations of 
DCE and MC to their respective MAC values (Tab le A-5) indicates tl1at 

exceedances could also occur in the Little Spokane River. Hov,ever, the 

river is not used as a potable supply and therefore only incidental 

ingestion is expected. Additionally, the flow characteristics of the 
lm,er aquifer are not currently well known; therefore, predicted river 

concentrations are conservative. Thus, incidental ingestion of river 
water or aquatic organisms is not expected to pose a risk to human 
health. However, the exceedances of the chronic (long term) MAC values 
indicates that the quality of the Little Spokane River 1nay not be 
satisfactory for future potable supplies. More in-depth and realistic 
analyses of the groundwater discharge to the Little Spokane River are 
required before the potential fo r harm from contaminant discharge to 
the river can be definitively addressed. 

5.2 Dermal Contact 

As discussed in Section 4.0, b10 formulations were used to evaluate 
dermal contact \lith contaminated water. The results of the computer 
modelling are presented in Appendix A.III. Results are summarized 
below for the 10 percent probability of exceeding the AD. The first 

formulation based on using the octonal water coefficient to represent 

the tendency for contaminant to absorb on the skin may be considered a 
1'\10rst-case" screen. As shovm in Table A-6, this formulation predicts 
MAC values three orders of magnitude below that obtained using the flux 
of water across the skin. 

The MAC values predicted using the water flux formulation are compared 
to observed and predicted site water concentrations in Table A-7. As 
shovm, maximum ground~1ater concentrations exceed the predicted MAC 
values at the 10 percent probability of exceeding AD for MC (at a risk 
level of 10-6) and DCE (both risk levels); the TCA MAC value is not 
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TABLE A-6 
MAC VALUES PREDICTED FOR THE 10 PERCENT PROBABILITY 

OF EXCEEDING AD FOR OERMAL EXPOSURE 

DCE asY DCE as 
MAC Value TCA MCJ..I Carcinogen Noncarcinogen 

F ormu lat ion ( mg/1) ( mg/1) ( mg/1) ( mg/1) 

Worst-case 0.02 0.005 0.01 X lQ-3 0.003 
(0.05) (Q.] X 10-3) 

Water flux 97 1.2 0.01 3. 1 
( 12) ( 0. 1 ) 

1/ MAC for risk level of 10-6 is presented first; MAC for a risk 
level of 10-5 is presented in parentheses. 

TABLE A-7 

COMPARISON OF WATER CONCENTRATIONS WITH DERMAL MAC VALUES AT THE 

10 PERCENT PROBABILITY OF EXCEEDING AD 

Chemical 

TCA 

MC 

DCE as 
Carcinogen 

DCE as 

MACY 
( mg/1) 

97 

Maximum 
Groundwater 

Concentration 
( mg/1) 

5.6 

1.2(12) 2.5 

0.01(0.1) 0. 19 

3. 1 0. 19 
Noncarcinogen 

. Predicted 
Surface Water 
Concentration 

( mg/1) 
Low Flow Mean Flow 

0.053 0.017 

0.024 0.017 

0.0037 0.0012 

0.0037 0.0012 

Exceedance 
of l~AC 

NO 

YESY 

YESY 

YESY 

1/ MAC for risk level of 10-6 is presented first; MAC for a risk 
level of 10-5 is presented in parentheses. 

2/ In groundwater onJy . 
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exceeded for groundwater. Therefore, contaminated groundHater in which 

concentrations exceed the MAC values is not a recommended bathing water 

supply. 

The frequency of exceedance for the 10 percent probability dermal MAC 

values are shown in Table A-8. 

TCA 

TABLE A-8 

FR~QUENCY OF EXCEEDANCE FOR 10 PERCENT 

PROBABILITY DERMAL MAC VALUES 

Mani tori ng We 11 sY 

8% 

DCE noncarcinogen 8% 

DCE carcinogen 18% ( 18% ) 

MC 47% ( 10%) 

Private Wel 1 sY 

0% 

0% 

8% (0% ) 

0% ( 0%) 

1/ MAC value fgr a risk level of 10-6 is presented first; r~AC values 
for the 10- level is presented in parentheses. 

As shown the frequency of exceedances is greatest for the monitoring 

wells. For the private wells there are no exceedances of the 

noncarcinogens or carcinogens at the 10-S risk level. At the 10-0 

risk level, only DCE exceeds the dermal ~~C value in 8 percent of t he 

wells sampled. 

For the predicted surface yJater concentrations no exceedances of the 

dermal MAC values occur for any of the indicators. Therefore, s1d11111ing 

in the Little Spokane River should not pose a risk to human hea l t h . 
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MAC values associated with probabilities of exceeding the AD ranging 

between 0.01 and 0.3 are tabulated on Figures A.III-1 - A.III-8 in 

Appendix A.III. Between the 0.01 and 0.3 probability levels the 
predicted MAC values increase from 27-38 percent. Changes in the MAC 
values over the different probability levels are not extreme as the 
uncertainties associated with equation parameters Here not excessive. 

At the 0.3 level, the maximum groundwater concentrations still exceed 

the MC and DCE MAC values. The percentages of exceedances are also 

similar over the different risk levels. 

5.3 VOLATILE INHALATION 

The worst-case predicted ambient volatile concentrations are compared 
to available standards in Table A-9. For each indicator contaminant, 

the ambient volatile concentrations predicted by the shower ~del were 
an order of magnitude greater than the values predicted by the Andelman 
model. Differences in predicted concentrations by the two models are 
likely due to different time periods upon which the model 

concentrations are based. For example, the shower model considers peak 

exposure by estimating the concentration incurred during a 10-minute 

shower in an unventilated bathroom. Conversely, the Andelman model 
considers the average water usage and ensuing exposure likely over a 

24-hour period. As shown in Table A-9, the exposure via indoor 
volatilization is well below the standards for all three indicator 

contaminants. Inhalation exposure to volatile organics is therefore 
not expected to pose a public health risk. 

5.4 CUMULATIVE MAC VALUES 

As described, the contributions of both the ingestion and dermal 

contact routes to the cumulative MAC values are computed for the 

carcinogens. The results are summarized in Table A-10 for the 
10 percent probability of exceeding the AD. 
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TABLE A-9 

COMPARISON OF PREDICTED .AJ>1BIENT VOLATILE CONCEN TRA TIO NS 
TO FEDERAL STANDARDS 

Predicted Predicted 
Shower Model Andelman Model 

Indicator Concentration Standard 
Contaminant 

Concent5ation 
(mg/ m ) (mg/m3) (mg/ m3) Reference 

1, 1-Dichloroethylene 1.44 0. 11 43.2}' 

( DCE) 

Methylene Chloride 18. 9 1 • 5 1,894. sY 
(MC) 

1,1, l -Trichloroethane 42.4 3.4 1 ,9ooY 
( TCA) 

1/ Threshold limit value. OSHA 1983 does not cite standards for 
1, 1-dichloroethylene. 

2/ Eight hour time weighted average. 

As shown in Table A-10, the ingestion MAC values are much lower than 
the predicted dermal values, consequently, the cumulative MAC values 
are equal to the ingestion values. This indicates that ingestion is 
the critical and controlling exposure route. Additionally, the 
cumulative MAC values for all probability levels differ only in the 
third decimal place (i.e., it was definite that the concentration could 
not exceed the ingestion MAC). 

As discussed for the ingestion pathway, exceedances of the cumulative 
MAC values occur in groundHater. As shown in Table A-5, Section S.1, 

exceedances of the ingestion MAC values occur in groundwater for both 
cancer risk levels. These exceedances indicate that chronic ingestion 
of contaminated ground\~ater with concentrations above the criteria or 
MAC value levels may pose a risk to human health. 
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TABLE A- 10 

CUMULATIVE MAC VALUES FOR CARCINOGENS AT 
THE 10 PERCENT PROBABILITY OF EXCEEDING AD. 

Ingestion Dermal Cumulative 
MAC MAC MAC1/ 

Contaminant (mg/ 1) (mg/1) (mg/1) 

MC 0.0025 ( 0.025) 1.2 (12) 0.0025 (0.025) 
DCE as Carcinogen 0.00003 (0.0003) 0.01 (0.1) 0.00003 (0.0003) 

1/ MAC for risk level of 10-6 is presented first; MAC for a risk 
level of 10-5 is presented in parentheses. 

The frequency of exceedances of the Drinking Water Criteria (for 
noncarcinogens) or ingestion MAC values (for carcinog~ns) are 
summarized below in Table A-11. 

TABLE A-11 
PERCENT OF SAMPLED WELLS WHICH EXCEED DRINKING WATER CRITERIA 

OR INGESTION MAC VALUES 

Chemical 

TCA 
DCE (non-carcinogen) 
DCE (carcinogen) 
MC 

Monitoring Wells 

62% 
54% 
71~ ( 75%) 
46% (42%) 

Private \~el lsY 

8% 
8% 

18% ( 18%) 
47% (10%) 

1/ Percent exceedances for the 10-6 risk level are presented first; 
percent exceedances for the 10-5 risk level are presented in 
parentheses. 
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5.5 ECOLOGICAL HEALTH 

5.5.1 Aquatic Organisms 

Comparison of predicted contaminant concentrations in the Little 

Spokane River Hith Ambient Water Quality Criteria are presented in 
Table A-12. As shown, the Water Quality Criteria are at least five 

orders of magnitude higher than the predicted river concentrations. 
Therefore, impacts to aquatic organisms are not expected at 

concentrations attributable to the Colbert site. 

5.5.2 Mammals 

5.5.2. 1 Acute Toxicity 

Comparison of the dosages \vhich might be incurred from ingestion of 
water in the Little Spokane River are compared with available acute 
mammalian toxicity data in Table A-13. As shown, dosages estimated for 
the various animals are at least five orders of magnitude less than the 
acute toxicity levels reported. Therefore, no acute threat to the 
health of mammals utilizing the river as a drinking source is 

expected. Though no acute toxicity data for these chemicals were 
available for larger wild or domestic mammals, it is expected that any 

dose incurred through ingestion of river water would be well below t he 
levels likely to result in acute toxicity. 

Maximum concentrations expected in local "springs" and in ground\1ater 
are compared with acute mammalian toxicity data in Table A-14 and A-15 
respectively. As shown, the dose likely to be incurred through 

ingestion of piped groundwater or through direct ingestion of "spring 11 

~,ater is \vell belo\1 the acute toxicity levels reported by at least 

three orders of magnitude. Therefore no acute threat to the hea l th of 

mammals using either piped groundwater or spring water is expected. 

Again, though a lack of acute toxicity data for larger domestic 1/il d 
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TABLE A-12 

COMPARISON OF PREDICTED CONTAMINANT CONCENTRATIONS IN THE LITTLE SPOKANE RIVER 
WITH AVAILABLE CRITERIA FOR PROTECTION OF FRESHWATER AQUATIC LIFE 

kute Chronic Exceedanc e 
Predicted River Toxicity Exe eedanc e Toxicity of 

Co!!_Centration (mg/l ).!/ Criteria of kute Criteria Chronic 
Contaminant q q (1'1q/l).Y Criteri0 (mq/l ).Y Criteri0 

7, 10 

1, 1-Dichloroethane 0.0013 0.004 
___ 4/ 

(OCA) 

1,1-Dichloroethylene 0.0012 0.0037 11.6 No 
(DCE) 

l, 1, ]-Trichloroethane 0.017 0.053 18 ¥ No 
( TCA) 

Tric h 1 oroethyl ene 0.0002 0.0006 45 No 21. 9 §! No 
(TCE) 

Tetrachloroethylene 
___ 7/ 

5.28 No 0.84 No 
(PCE) 

Methylene Chloride 0.0076 0.024 11 §./ No 
(MC) 

1/ Calculations are haserl on observed contaminant concentrations (Golder Associates 1986) and river flo\ol 
data (Williams and Pearson 1985). Concentrations are calculated as a function of either mean river flow 
(q) or low flow conditions (i.e ., drouqht, Q7-10 predicted to occur everv 10 years for a period of 7 
days). 

2/ 45 FR 79318-79378, Friday November 28, 1980. 

3/ Determined as a ratio of the criterion value to the predicted concentration. 
one constitutes an exceedance. 

4/ No criteria currently available. 

5/ Criteria are for both trichloroethanes (l,l,1- and l ,1 ,2-). 

A quantity qreater than 

6/ Criterion is based on adverse behavioral effects to one soecies of aquatic life. 

7/ Insufficient evidence of PCE in the lower aauifer on which to base calculations. 

8/ See Halomethanes, 45 FR 79334, Friday, November 28, 1980. 
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Conta111inant 

l, 1-Dichloroethane 
(DCA.) 

l,l-Dichloroethylene 
(DCE) 

l, l, 1-Trichloroethane 
(TCA) 

Tricloroethvlene 
( TCE) 

Tetrachloroethylene 
(PCE) 

tlethylene Chloride 
( t1C) 

• • • al) Ill • • • • 
TABLE A.-13 

COMPARISON OF PREDICTED CONTAMINANT CONCENTRATIONS IN THE 
LITTLE SPOKANE RIVER WITH A.CUTE MAMMALIAN TOXICITY DA.TA 

Predicted River 
Co~entration (mg/1 ).!/ 

q q7,10 

0.0013 0.004 

0.0012 0.0037 

0.017 0.053 

0.0002 0.0006 

___ 2/ 

0.0076 0.024 

llama 1 i an 
Toxicity Data 

(mg/kg) 

Oral, Rat: LD50 = 725 mg/kg 

Ora 1, Rat: LD50 = 200 mg/kg 
Oral, Doq: LDLO = 5,750 mg/kg 

Oral, Rat: LD50 = 10,30D mg/kg 
Oral, Rabbit: LD50 = 5,660 mq/kg 
Oral, Dog: LD50 = 750 mg/kg 

Oral, Rat: LD50 = 4,920 mg/kg 
Oral, Rabbit: LDLO = 7,330 mg/kg 
Oral, Cat: LDLO = 5,864 mq/kg 

Ora 1, Rat: LD50 = 8,850 mg/kq 
Oral, Rabbit: LDLO = 5,000 mg/kg 
Oral, Cat: LDLO = 4,000 mg/kq 
Oral, Dog: LDLO = 4,000 mq/kg 

Oral, Rat: LD50 = 2,524 mg/kq 
Oral, Rabhit: LDLO = 1,900 mg/kg 
Oral, Dog: LDLO = 3,000 mq/kg 

Reference 

NIOSH 1982 

NIOSH 1982 
NIOSH 1982 

NIOSH 1982 
NJOSH 1982 
NJOSH 1982 

NIOSH 1982 
NIOSH 1982 
NIOSH 1982 

NIOSH 1982 
NJOSH 1982 
NIOSH 1982 
NIOSH 1982 

NIOSH 1982 
NIOSH 1982 
NIOSH 1982 

• • 

Incurred Dose at 
Predicted River 

Cone entrat ion Y 
q (mg/kg/day) 

0.009 

0.0008 
0.0001 

0.011 
0.0028 
0.0014 

0.00013 
0.00003 
0.00003 

0.0051 
0.0013 
0.0006 

• • -
Incurred Dose at 
Predicted River 
Concentration Y 

q7, 10 (mq/kg/dav) 

0.0027 

0.0025 
0.0003 

0.035 
0.0088 
0.0044 

0.0004 
0.0001 
0. 00008 

0.016 
0.004 
0.002 

1/ Calculations are hased on naxi111um observed conta111inant concentrations (Golder Associates 1986) and river flow data (Williams and Pearson 1985). 
Concentrations are calculated as a function of either mean river flow (q) or low flow conditions (i.e., drought, q7, 10). 

2/ No detectable concentrations of PCE in the lower aquifer on which to base calculations. 

3/ The incurred close is calculated utilizing predicted river concentrations and the following bocly weight and water consumption data: Cat - 3.6 kg, 
0.5 1/clav; Doq - 18.2 kq, 1.5 1/day; Rat - 0.3 kq, 0.2 1/dav; Rabhit - 1.8 kg, 0.3 1/dav. 
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TABLE A-14 

COMPARISON OF SPRING CONCENTRATIONS WITH ACUTE MAMMALIAN TOXICITY 

Maximum Excee<lance 
Concentration Acute Mamma 1 i an of Acute 

in Spring Incurred Dose Toxicity Data Toxic itv 
Contaninant (mg/1 l (rng/kq/day) Y (mq/kg) Reference Level 

1,1-Dichloroethane 0.6 0.4 (Rat) Oral, Rat: LOSO= 725 mg/kg NIOSH 1982 No 
(OCA) 

1,1-Dichloroethvlene 0.047 0.03 (Rat) Oral, Rat: LOSO= 200 mq/kq NIOSH 1982 No 
(DCE) 0.004 (Ooq) Oral, Ooq: LDLO = 5,750 mg/ kg NIOSH 1982 No 

l,l,1-Trichloroethane 1. 3 0.87 (Rat) Oral, Rat: LD50 = 10,300 mg/kg NIOSH 1982 No 
( TCA) 0.22 (Rabbit) Oral, Rabbit: LOSO= 5,660 mq/kg NIOSH 1982 No 

0. 11 (Dog) Oral, Dog: LOSO= 750 mg/kg NIOSH 1982 No 

TricloroethylP.ne 0.072 0.05 (Rat l Oral, Rat: LD50 = 4,920 mg/kg NIOSH 1982 No 
( TCE) 0.01 (Cat) Ora 1, Rahbit: LDLO = 7,330 mq/kg NIOSH 1982 No 

0.01 (Rabbit) Oral, Cat: LDLO = 5,864 mg/kg NIOSH 1982 No 

Tetrachloroethvlene 0.023 0.02 (Rat) Oral, Rat: LD50 = 8,850 mg/kg NIOSH 1982 No 
(PCE) 0.003 (Cat) Oral, Rahhit: LDLO = 5,000 mg/kg NIOSH 1982 No 

0.004 (Rabhit) Oral, Cat: LDLO = 4,000 mg/kg NIOSH 1982 No 
0.002 (Dog) Oral, Doq: LDLO = 4,000 mg/kg NIOSH 1982 No 

Methylene Chloride ND1.f 
(MC) 

1/ The maxinum observed concentrations of the upper aquifer are reported here as the "springs" are fed directly from this aquifer. 

2/ Dose which would be expected utilizing maximum observed Upper Aquifer concentrations and the following data: Cat - 3.6 kg, 0.5 1/dav; Dog -
18.2 kg, 1.5 1/day; Rat - 0.3 kg, 0.2 1/day; Rabbit - 1.8 kg, 0.3 1/day. 

3/ Not detected to date in any well in this aquifer. 
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TABLE A-15 

COMP AR I SON OF GROUNDWATER CONCENTRATIONS 
WITH ACUTE MAMMALIAN TOXICITY DATA 

in Groundwater Incurred Dose 
kute Mal'llllalian 
lox ic ity Data 
(mg/kg) Contar.iinant (mq/l) (mg/kg/day) Y 

l,l-Dichloroethane 0.56 0.37 (Rat) Oral, Rat: LD50 = 725 mg/kg 
(DCA) 

l,l-Dichloroethylene 0. 19 o. 13 (Rat) Oral, Rat: LOSO= 200 mg/kg 
(DCE) 0.016 (Dog) Oral, Doq: LDLO = 5,750 mg/kg 

l,l,l-Trichloroethane 5.6 3. 73 (Rat) Oral, Rat: LOSO= 10,300 mg/kg 
(TCA) 0.93 (Rabbit) Oral, Rabbit: LOSO= 5,660 mg/kg 

0.46 (Dog) Oral, Dog: LOSO= 750 mg/kg 

Tricloroethylene 0.23 0.15 (Rat) Oral, Rat: LOSO= 4,920 mq/kg 

• • - • -
Exceedance 
of kute 
lox ic ity 

Reference Level 

NIOSH 1982 No 

NIOSH 1982 No 
NIOSH 1982 No 

NIOSH 1982 No 
NIOSH 1982 No 
NIOSH 1982 No 

NIOSH 1982 No 
l=- (TCE) 0.032 (Cat) Oral, Rabbit: LDLO = 7,330 mg/kg NIOSH 1982 No 
I 

..p. 
co 

0.038 (Rabbit) Oral, Cat: LDLO = 5,864 mg/kg NIOSH 1982 No 

NIOSH 1982 No 
NIOSH 1982 No 

Tetrachloroethylene 0.023 
(PCE) 

0.02 (Rat) Oral, Rat: LOSO= 8,8SO mg/kg 
0.003 (Cat) Oral, Rabbit: LDLO = 5,000 mg/kg 
0.004 (Rabbit) Oral, Cat: LDLO = 4,000 mq/kg NIOSH 1982 No 
0.002 (Dog) Oral, Ooq: LDLO = 4,000 mg/kg NIOSH 1982 No 

NIOSH 1982 No 
NIOSH 1982 No 

Methylene Chloride 2.5 
(MC) 

1.67 (Rat) Oral, Rat: LOSO= 2,524 mg/kg 
0.42 (Rahhit) Oral, Rabbit: LDLO = 1,900 mg/kg 
0.21 (Dog) Oral, Dog: LDLO = 3,000 mg/kg NIOSH 1982 No 

1/ The maximun concentrations in groundwater (both upper and lower aquifers). 

2/ Dose which would be expected utilizing maximum observed groundwater concentrations and · the following weight and water consumption data: Cat -
3.6 kg, 0.5 1/day; Dog - 18.2 kg, 1.5 1/day; Rat - 0.3 kg, 0.2 1/day; Rabbit - 1.8 kg, 0.3 1/day. 
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mantnals is available, it is expected that any dose incurred through 

ingestion of water from either source will be well below the levels 
likely to induce an acutely toxic response. 

5.5.2.2 Chronic Toxicity 

Computed acceptable equine drinking water concentrations (MACs) for the 
noncarcinogens TCA and DCE are compared with ~oundwater, surface 
water, and spring contaminant concentrations in Table A-16. As sho\1n, 

no exceedances of the equine MAC occur for TCA or DCE in any of the 

water supplies. Therefore, toxicity to horses as a result of ingestion 
of water from these sources is not expected to occur. 

As discussed in Section 3.2, insufficient data is available for 
synthetic organic chemicals to enable quantification of the health 
risks to horses ingesting water-borne carcinogens. However, because 
these chemicals have been shown to be both mutagenic dnd carcinogenic, 
adverse effects to equine health are possible. 
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TABLE A-16 

COMPARISON OF COMPUTED ACCEPTABLE EQUINE DRINKING WATER CONCENTRATIONS 
FOR NONCARCINOGENS WITH GROUNDWATER, SURFACE WATER, AND SPRING CONCENTRATIONS 

l,l-Trichloroethane 
(TCA) 

l,l-Dichloroethyene 
(DCE) 

Computed 
Acceptable 

Drinkinq Water 
Cone entrat)· on 

(MAC) .! 
(mg/ l) 

5.83 

1.67 

Ground1~ater 
Concentrat ionY 

{ mq/l) 

5.6 

0. 19 

Spring 
Concentration.¥ 

{ l'lQ/l) 

1. 3 

0.047 

Predicted River 
Concentration!/ 

(mg/l) 
q Q7-l0 

0.017 0.053 

0.0012 0.0037 

l/ The basis for the derivation of these values are discussed in Section 3.2. l. 

2/ Maximum observed concentrations occurring over both upper and lower aquifers. 

3/ Represents the maximum concentration occurring in the upper aquifer only. 

Exceedance 
of Computed 
Criteria 

No 

No 

4/ Calculations are hased on observed contaminant concentrations (Golder Associates 1986) and river flow data 
(Williams and Pearson 1985). Concentrations are calculated as a function of either mean river flow Ceil or 
low flow conditions (i.e., drouqht, Q7-10 predicted to occur ev.ery lO years for a period of 7 days). 
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APPENDIX A.I 

EVALUATION OF AVAILABLE PLANT UPTAKE DATA 

Research of Cataldo et al. (1986), involving plant uptdke of chemicals 
that are not structurally similar to the indicator contaminants 
represents the only data located upon which to base estimates of the 
potential for plant uptake. Table A.I -1 below summarizes the physical/ 
chemical characteristics of both the experimental compounds and the 
Colbert indicator contaminants: 

TABLE A. I-1 
PHYSICAL/CHEMICAL PROPERTIES OF SELECTED CHEMICAL COMPOUNDS 

Vapor \.Jater 
Chemical Structure Pressure (mm) Solubility (rng/1) Koc .!/ -
1. Phenol C6H50H 0.2 mm (20°C ).Y 93,000 ( 25° C ).Y 14.2~/ 
2. Quinoline C9H7N 1.0 mm ( 59. 7°C).Y 60,000 (20 °C).Y 36.6.Y 
3. Aniline C5H5NH2 0.3 mm (20°CLY 35,000 (20°C).Y 41.01.i/ 
4. DCE CH2CCl2 500 mm (20°C)2/ 2,250 (25°CJ3/ 65 3/ 
5. TCA CCl3CH3 100 rmn (20 °c)"2'/ 4,400 (20 °C)"2'/ 152 1/ 
6. MC CH2Cl2 349 mm (20°CJ!I 20,000 ( 20°C )!/ 8.8~/ 

1/ A chemicals' Koc may be used as an estimator of envi ronmenta l 
mobility in soils. Chemicals with high values generally have 
correspondingly high bioconcentration factors, whereas chemicals 
with low values tend to be leacnable from soil and Mobil e i n 
groundwater (EPA 1985c). 

2/ Verschueren 1977. 
1/ EPA 1985c. 
4/ Calculated (Lyman et al. 1982. Equation 4-6) . 

341 7a 
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Chemicals 1-3 were utilized in soybean plant uptake studies by Cataldo 
et al. (1986). Plants were grown and treated in hydroponic solutions. 
Plants were exposed until uptake rates were constant as determined from 
solution depletion and tissue/water distribution at equilibrium. These 
criteria were met after three days for Chemicals 2 and 3, and after 10 
days for Chemical 1. Tissues were analyzed for the presence of parent 
compounds and metabolites and decomposition/volatilization of the 
chemicals was monitored using controlled atmosphere chambers. Results 
are summarized in the Table below: 

TABLE A. I-2 

ADSORPTION RATES, TISSUE DISTRIBUTION, OXIDATION 
DECOMPOSITION AND VOLATILIZATION OF PHENOL, ANILINE 

AND QUINOLINE IN HYDROPONICALLY GROWN SOYBEAN PLANTS 

Organic Compound 
Parameter Phenol Aniline Quinoline 

Solution Cone (ppm) 

Root Absorption Rate 
(µg/g fresh wt root/day) 

Tissue Distribution 
(percent per g basis) 

Root 
Leaves 

Extent of Decomposition 
to CO2 (percent)* 

Fraction Volatilized from 
Leaves (percent)* 

50 

180 

60 
40 

35 

nd** 

10 

13 

92 
8 

20 

nd 

15 

30 

40 
50 

1 

65 

* Rates of decomposition of CO2 and volatilization were determined 
using gas exchange chambers and selective gas trapping trains. 

** Not detectable 
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Data indicate that the less water soluble compound, aniline, 
distributed preferentially in the root system of soybean plants, while 
decreasing levels were observed in the leaves. Data indicated that the 
actual rate of contaminant absorption into the root system is also 
related to the water solubility of the chemical. However, the uptake 
of the experimental chemicals in these studies may not accurately 
reflect the true processes involved in uptake in a field situation. 

The presence of soil around a plant's root system will greatly 
influence the amount of chemical in solution that remains availaDle for 

uptake. Compounds with low soil/water partition coefficients will ue 
less likely to adsorb onto the organic carbon fraction present in most 
soils and will remain more available for uptake. 

As shown in Table A.I-1, the Colbert contaminants are less solu~le than 
those studied by Cataldo et al., which may indicate that root crops 
would take up portions of ~,e indicator contaminants with minimal 
contaminants reaching the leafy portion of the plant. The rates of 
absorption may also be much less for Colbert contaminants given their 
low to moderate water solubilities. All of tne compounds have fairly 
low K

0
c values as compared to more hydrophobic compounds whose K

0
c 

values may be over an order of magnitude higher. These K
0
c values 

are also similar to the test chemicals. The K values coupled v,iti1 oc 
the lower solubilities indicate that behavior of the Colbert indicator 
contaminants may be expected to be comparable to those of the chemicals 
tested by Cataldo et al. 

Experimental data on the aromatic compounds studied indicated that 
there is also an appreciable loss of the contaminant via decomposition 
(CO 2 release) and direct volatilization. For quinoline, the 

unmetabolized, volatilized fraction is significant (65 percent of that 
accumulated). As evidenced by the vapor pressure, the Colbert 

indicator contaminants are more volatile than quinoline. Therefore, 
significant losses due to voldtilization could be expected. In 
addition, volatilization of contaminants would occur when the plants 
v1ere watered, further reducing the contaminant concentration to 11h i c,1 
the plants would be exposed. 
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Based upon the relatively low solubilities, the Kaw values of the 
indicator contaminants and their volatility, substantial crop upta~e is 
not expected. However, the inferences on plant partitioning for 
Colbert contaminants based upon their physical/chemical properties and 
the observed partitioning of nonstructurally related aromatic chemicals 

are not confirmed by actual experimental data. Experimental data are 
required to assess the actual partitioning behavior of volatile organic 
indicator chemicals in plants/vegetables and to quantify tile risks to 
humans or livestock that ingest contaminated crops or forage. 
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AP PEND IX A. I I 

DESCRIPTION OF COMPUTER DATA BASES SEARCHED 

Sci search 

Scisearch is a multidisciplinary index to the literature containing all 
records published in Science Citation Index and additional records from 
Current Contents. It includes indexing of articles, reports of 

meetings, letters editorials, etc., covering a broad range of 
disciplines. The records date from 1974 to the present and are updated 

bimonthly. 

CA Search 

CA Search combines the condensed version of Chemical Abstracts with 
general subject index headings. It includes indexing of journal 
articles, reviews, technical reports, monographs 
symposium proceedings, dissertations and books. 
1967 to the present with biweekly updates. 

Pollution Abstracts 

and conference and 
The records date from 

Pollution Abstracts is a resource for references to environmentally 
related technical literature on pollution, its sources, control and 
health effects (toxicology and health). Records are drawn from primary 
sources including books, conference papers/proceedings, periodicals 
research papers and technical reports. Records are including from 1970 
to the present with bimonthly updates. 

3408a 
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Biosis Previews 

Biosis Previews contains citations from Biological Abstracts, 
Biological Abstracts/Reports, Reviews, Meetings and Bioresearch Index. 
This data base provides a comprehensive coverage of research in the 
life sciences from periodicals, monographs, books, technical reports, 
published theses, annual reports, bibliographies and more. The records 

date from 1969 to the present with bimonthiy updates. 

Chemical Exposure 

Chemical Exposure is a comprehensive data base of chemicals identified 
in tissues and body fluids for both human, federal and food animals. 
These data identity body burdens that would result from exposure to 
contaminants in air, food and water as well as the administration of 
pharmaceuticals. Records are taken from Chemicals Identified in Human 
Biological Media (a data base), and Chemicals Identified in Federal and 

Food Animals (a data base). The records date from 1974 to the present 
with annual updates. 

Environmental Bib l iography 

Environmental Bibliography provides access to the contents of 
periodicals dealing with water, air, soil and noise pollution, solid 
waste, health hazards and other specialized subjects. Records are 
taken from the Environmental Periodicals Bibliography and date from 

1973 to the present \lith bimonthly updates. 

Envirofate 

Envirofate is a data base which is part of the National Institute of 
Health and Environmental Protection Agency•s Chemical Information 
System (CIS), a collection of scientific and regulatory data gases. 

3408a 
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Envirofate and CIS contain numeric data in the areas of toxicology, 
environment, regulations, spectroscopy and chemical and physical 
properties. 

Medl ine 

Medline is one of the major sources for biomedical literature. Medline 
includes indexing to articles from approximately 3,200 journals. 
Medline covers virtually every area in the broad field of biomedicine 
including environmental and public health, veterinary medicine, 
occupational medicine, toxicology, and many others. The records date 
from 1966 to the present and are updated monthly. 

Agr i co 1 a 

Agricola is produced by the Science and Education Administration, 
Technical Information Systems (SEA/TIS) of the U.S. Oepartrnent of 

Agriculture (USDA), and serves as the document locator and 
bibliographic control system for the SEA/TIS. Agricold also serves as 
a source file for the Bibliography of Agriculture, the National 
Agricultural Library Catalog and the Catalog of the Food and Nutriti on 

Information and Education Resources Center. This extensive fi le 
provides comprehensive coverage of newly acquired worldwide 
publications in agriculture and related fields. Areas covered in this 
data base include but are not limited to: agricultural environmental 
impacts, chemistry, pesticides, plant sciences and soils. Records date 
from 1970 to the present and are updated monthly. 
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I 
I REMEDIAL TECHNOLOGIES POTENTIALLY 

APPLICABLE TO HAZARDOUS WASTE SITES 

I I. AIR POLLUTION MITIGATION 

I A. GAS/VAPOR CONTROL MEASURES 

1. Capping (to Prevent Release) 

I a. Native Material 
b. Clay 
c. Chemical Sealants/Stabilizers 

I d. Asphalt 
e. Concrete 
f. Synthetic Membranes 

I 
g. Multimedia 

2. Containment Barriers 

I a. Soil Bentonite Slurry Wall 
b. Cement Bentonite Slurry Wall 
c. Grout Curtains 

I d. Steel Sheet Piling 

3. Collection Systems 

I a. Pipe Vents (Passive) 
b. Trench Vents (Passive) 
c. Active Gas Collection 

I 4. Treatment (see IV.A, IV.B) 

I 
B. PARTICULATE CONTROL MEASURES 

1. Capping/Barriers 

I a. Native Material 
b. Clay 
c. Chemical Sealants/Stabilizers 

I d. Asphalt 
e. Concrete 
f. Synthetic Membranes 

I 
g. Multimedia 
h. Windscreens · 

2. Treatment (see IV.A, IV. B) 

I 
I 
I 
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I 
I I I. WATER POLLUTION MITIGATION 

A. SURFACE WATER CONTROL MEASURES 

I l. Capping ( see I. A. l) 

2. Grading 

I a. Spreading 
b. Scarification 

I c . Tracking 
d. . Contour Furrowing 

I 
3. Revegetation 

a. Grasses 
b. Legumes 

I c. Shrubs 
d. Trees ( Conifers, Hardwoods) 

I 4. Collection/Diversion 

a. Dikes and Berms 
b. Ditches and Trenches 

I c. Terraces and Benches 
d. Chutes and Downpipes 
e. Seepage Basins 

I f. Sedimentation Basins 
g. Levees 
h. Add it ion of Freeboard 

I 
i. Floodwalls 

5. Remova 1 

I a. Mechanical Pumps 
b. Siphons . 
c. Tanker Truck 

I 6. Treatment (see IV.A, IV.Bl 

B. LEACHATE/GROUND WATER CONTROL MEASURES 

I l. Capping (see I.A. l) 

I 2. Containment Barriers 

a. Soil Bentonite Slurry Wall 

I 
b. Cement Bentonite Slurry Wall 
c. Vibrating Beam 
d. Grout Curtains 
e. Steel Sheet Pil i ng 

I 
I 3350a 

I 
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I II. 

3350a 

3. 

4. 

5. 

Extraction (Gradient Modification; Plume Interception/ 
Containment; Extraction for Treatment) 

a. Well Points 
b . Deep We 11 s 
c. Suet ion We 11 s 
d. Ejector We 11 s 
e. Subsurface Drains 

i) French Drains 
ii) Tile Drains 
iii) Pipedrain (Dual Media Drains) 

f. Trenches 
g. Galleries 

Injection (Gradient Modification; Reinjection After 
Treatment; Treatment; Disposal) · 

a. Well Points 
b. Deep We 11 s 
c. Trenches 
d. Galleries 
e. Subsurface Drains 
f. Permeable Treatment Beds 
g. Infiltration Basins 

Treatment (see IV.A, IV.B) 

SOLID POLLUTION MITIGATION 

A. SOLID WASTES/SOILS 

1. Capping (see I. A. 1) 

2. Grading (see II.A.2) 

3. Revegetation (see II.A.3) 

4. Excavation 

a. Backhoe 
b. Dragline 
c. Cranes and Attachments 
d. Front End Loaders 
e. Scrapers 
f. Pumps 
g. Industrial Vacuums 
h. Drum Grapplers 
i. Forklifts and Attachments 

5. Treatment (see IV.A, IV.BJ 
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B. SEDIMENTS 

1. Containment Barriers 

a. Curtains 
b. Cofferdams 
c. Pneumatic Barriers 
d. Capping (see I.A. 1) 

2. Removal 

a. Mechanical Dredging 

i) Cl ams he 11 
ii) Dragline 
iii) Backhoe 

b. Hydraulic Dredging 

i) Plain Suction 
ii) Cutterhead 
iii) Dust Pan 

c. Pneumatic Dredging 

i) Airlift 
ii) Pneuma 
iii) Oozer 

3. Treatment {see IV.A, IV.B) 

IV. IN-SITU TREATMENT 

A. BIOLOGICAL 

1. Aerobic 
a) Nutrient Supplementation {W,L,S,D) 
b) Microbial Seeding {W,L,S,D) 
c) Nitrification/Denitrification {W,L,S ) 
d) Oxygenation {W,L,S,D) 

1/ Treatment technologies are keyed to types of materials that can 
- potentially be handled as follows: G - Gas / Vapor; P - Particu lates; 

W - Surface Waters; L - Leachate/Groundwater; S - Solid 
Wastes /Soils; and D - Sediments 

3350a 
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3350a 

2. Anaerobic 
a) Nutrient Supplementation (W,L,S,D) 
b) Microbial Seeding (W,L,S,D) 

8. CHEMICAL 

1. Neutralization (W,L,S,D) 
2. Sulfide Precipitation (W,L,S,D) 
3. Hydroxide Precipitation (W,L,S,D) 
4. Oxidation (W,L,S,D) 
5. Reduction(W,L,S,D) 
6. Hydrolysis (W,L,S,D) 
7. Chemical Dechlorination (W,L,S,D) 
8. Polymerization (W,L) 

C. PYHSICAL 

1. Soil Aeration (L,S) 
2. Solvent Flushing (L,S,D) 
3. Mining with Surfactant (L,S) 
4. Permeable Bed Treatment (G,S,L) 

a) Li me stone 
b) Activated Carbon 

5. Solidification (W,L,S,D) 
a) Cement - Based 
b) Lime - Based 
c) Thermoplastics 
d) Organic Polymers 
e) Self-Cementation 

6. Soil Amendment (S) 
7. Vaporization (G,W,L,S) 

D. THERMAL 
1. Vitrification (S) 

ON- OR OFF-SITE TREATMENT 

A. BIOLOGICAL 

1. Aerobic 

a) Activated Sludge (W,L) 
b) Trickling Filter (W,L) 
c) Rotating Biological Contractor (W,L) 
d) Oxidation Ditch (W,L) 
e) Aerated Lagoon (W,L) 
f) Sequencing Batch Reactor (W,L) 
g) Fluidized Bed (W,L) 
h) Composting (S,D) 
i) Land Farming (S,D) 
j) Nitrification/Denitrification (W,L) 
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2. Anaerobic 

a) Single Stage (W,L,S) 
b) Two Stage (W,L,S) 
c) Two Phase (W,L,S) 
d) Fixed Bed ( W, L) 
e) Fluidized Bed (W,L,S) 
f) Solids Contact (W,L,S) 
g) Lagoon (W,L,S) 

B. CHEMICAL 

1. Neutralization (W,L,S,D) 
2. Precipitation (W,L,S,D) 
3. Activated Alumina Adsorption (G,W,L) 
4. Ion Exchange (W,L) 
5. Coagulation/Flocculation (W,L,S) 
6. Chemical Oxidation (W,L,S,D) 

a) Hydrogen Peroxide 
b) Ozonation 
c) Permanganate 
d) Chlorination 

7. Reduction (W,L,S,D) 
8. Hydrolysis (W,L,S,D) 
9. Chemical Dechlorination (W,L,S,D) 
10. Ultraviolet Radiation (W,L) 
11. Formaldehyde ( S) 
12. Catalytic Hydrogenation (W,L) 
13. Photolysis (G,P,W,L,S) 
14. Electrodialysis (W,L) 

C. PHYSICAL 

1. Flow Equalization (W,L) 
2. Sedimentation (W,L,S) 
3. Activated Carbon Adsorption (G,W,L) 
4. Reverse Osmosis/Membrane Separation / Dialysis (G,W,L) 
5. Liquid-Liquid Extraction (W,L) 
6. Gravity Flotation (W,L) 
7. Steam Distillation (W,L,S) 
8. Air Stripping (W,L) 
9. Steam Stripping (W,L) 
10. Filtration (W,L) 

a) Granular Bed 
b) Fabric 
c) Porous Membrane 

11. Ultrafiltration (W,L) 
12. Dissolved Air Flotation (W,L,S) 
13. Evaporation (W,L,S) 
14. Solvent Extraction (W,L,S) 
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3350a 

15. Dewatering 

a) Screens, Hydraulic Classifiers, Scalpers (W,L,S,D) 
b) Centrifuges (W,L,S) 
c) Gravity Thickening (W,L,S) 
d) Belt Presses (S,D) 
e) Plate/Frame or Recessed Plate Filter Presses (S,D) 
f) Drying Beds (S,D) 
g) Vacuum Filtration (S,D) 

16. Solidification/Stabilization/Fixation (P,W,L,S,D) 

a) Cement-Based (W,L,S,D) 
b) Lime-Based (W,L,S,D) 
c) Thermoplastics (S,D) 
d) Organic Polymer (S,D) 
e) Self-Cementation (S) 
f) Surface Encapsulation (S,D) 
g) Fly Ash, Sawdust, or Polymer Soil Amendment (S,D) 
h) Water, Polymers, or Calcium Chloride Wetting Agents 

(p's} 

17. High Gradient Magnetic Separation (S} 

D. THERMAL 

1. Rotary/Cement Kiln (G,S,D} 
2. Fluidized/Circulating Bed (G,W,L,S,D} 
3. Multiple Hearth (S,D} 
4. Liquid Injection (W,L} 
5. Molten Salt (S} 
6. Molten Glass (S} 
7. High Temperature Fluid Wall (G,W,L,S,D) 
8. Plasma Arc Pyrolysis (S) 
9. Pyroysis/Starved Combustion (S) 
10. Wet Air Oxidation (W,L,S) 
11. Infrared Combustion (S) 
12. Industrial Boiler or Furnace (S) 
13. Vitrification (S) 

DISPOSAL OF CONTAMINATED MATERIALS 

A. LIQUID WASTE/WASTEWATER 

1. Discharge to Municipal or Industrial Treatment Facility 
2. Discharge to Water Body 
3. Evaporation 
4. Deep Wel 1 Injection 
5. Temporary Storage (Tank, Surface Impoundment) 
6. Thermal Destruction (see IV.B.4) 
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B. SOLID WASTE 

l. Land Application/Land Farming 
2. Landfill (On-or off-site) 
3. Thermal Destruction (see IV.B.4) 
4. Ocean Dumping (limited use) 
5. Reuse/Recycle 
6. Temporary Storage (Waste Pile) 

VII. DISPOSAL OF TREATED MATERIALS 

A. EFFLUENT 

1. Discharge to Municipal Treatment Facility 
2. Discharge to Water Body 
3. Evaporation 
4. Injection (see II.B.4) 
5. Reuse/Recycle (Water Supply, Irrigation) 
6. Temporary Storage (Tank, Surface Impoundment) 

B. RESIDUE 

1. Land Application or Backfill 
2. Landfill (On or Off-Site) 
3. Ocean Dumping 
4. Reuse/Recyle (Construction Material) 
5. Temporary Storage 

VII I. INSTITUTIONAL CONTROLS 

A. LAND USE RESTRICTIONS 

B. WATER USE RESTRICTIONS 

C. TEMPORARY RELOCATION 

D. PERMANENT RELOCATION 

XI. CONTAMINATED UTILITIES (PIPES, CONDUITS) 

A. IN-SITU CLEANING 

1. Scouring (Mechanical or Hydraulic) 

2. Bucket Dredging 

3. Chemical Treatment 

B. LEAK REPAIR 

1. Grouting 

a. Interior 
b. Exterior 

3350a 
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I 2. Relining 

3. Sleeving 

I c. EX CA VAT ION /REM OVAL 

D. REPLACEMENT/RELOCATION 

I E. DIVERSION WALL 

I X. CONTAMINATED WATER SUPPLY 

A. ALTERNATIVE DRINKING WATER SOURCES 

I 1. Cisterns or Tanks 

2. Uncontaminated Aquifer Wells 

I 3. Mu nicipal Water Systems 

I 4. Relocation of Intake 

5. Commercially-Supplied (Bottle or Tank) 

I B. ON-SITE TREATMENT 

l . Reverse Osmosis 

I 2. Activated Carbon Adsorption 

I 
3. Filtration 

4. Activated Alumina 

I 5. Ion Exchange 

6. Distillation 

I 7. Ozonation 

I 
8. Ultraviolet Radiation 

I 
I 
I 
I 

3350a 

I 
8-9 



Appendix C 

- - - .. ... . - .. ---------



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3350a 

APPENDIX C 

GROUNDWATER MODELING OF INTERCEPTOR/EXTRACTION 
AND RECHARGE WELLS IN UPPER AND LOWER AQUIFERS 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

May 1987 C-1 8431360008 

APPENDIX C 

C.1 INTRODUCTION 

The finite element computer program used for numerical modeling of the 
problems under consideration is part of the Golder Associates Ground Water 
Computer Package. This program, herein referred to as AFPM {Aquifer Flow in 
Porous Media), is capable of perfonning steady-state and transient hydraulic 
solution of flow in a three-dimensional layered finite element model of 
multi-aquifer regimes. The program detennines fluid potentials and fluid 
pressures, as well as flow rates, quantities and directions. 

The problems that have been analyzed for the purpose of this study assume 

unconfined flow through a layer of porous medium under steady-state 
conditions. The flow is assumed to be governed by Darcy's law. Solute 

Transport computer simulations were not conducted in this study. 

To carry out the finite element analysis, the area of interest is subdivided 
into a large number of elemental areas connected together at the corners by 
noda 1 points. In perfonni ng steady-state analysis, AFPM iteratively adjusts 

the free surface elevation until the pressure equals zero at the phreatic 
surface and the vertical rate of flow across the surface matches the 
prescribed inflow function. The solution ensures that any specified boundary 
condition such as flow rate or fluid potential is always satisfied: 

C.2 CALIBRATION PROCEDURE 

Infonnation relating to the geology of the region to be modeled were 
collected and .interpreted. This infonnation is necessary to define 

boundaries and geometries of the aquifers and confining beds making up the 

Golder Associates 
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flow regime. The general procedure adopted for developing a numerical model 
to represent the salient features of the physical problem under consideration 

is as fo 11 ows : 

1. The regional plan for the area to be modeled is defined. This 
regional plan generally extends beyond the boundaries of the flow 

regime to be analyzed. 

2. Geological and hydrological data related to the area of interest are 
collected and interpreted. Emphasis is placed in accurately 

describing the parameters that are considered to have a greater 
influence on the objectives of the study. Geological and 

hydrological data are taken from the Remedial Investigation (RI) of 
the Colbert Landfill (Golder Associates, 1986). 

3. A finite element mesh is designed to encompass the region of 
interest and properly accommodate the conditions to be imposed by 

the proposed problem. The region of interest includes those areas 
of the flow regime where changes in flow rates, pressures or 
potentials, or pollutant concentrations are expected. The 
boundaries are placed far enough from areas where high pressure 

gradients are expected to occur in order to minimize the effects of 
the boundary values on the solution. Where possible, the boundaries 

are made to be coincident with natural features such as aquifer 
termination or river. 

4. Simulation of the specific site characteristics is carried out by 
defining the aquifer geometry and material properties and the flow 
regime boundary conditions. Since the problems can be reasonably 
modeled as unconfined flows through a single layer of aquifer, the 

geometry can be completely defined by adequately representing the 
elevation of aquifer base. As steady-state conditions are of 

interest, hydraulic conductivity is the only pertinent hydraulic 
parameter that is needed to characterize the aquifer properties. 

Golder Associates 
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In specifying the boundary conditions, care has been taken to 
distinguish between the regions with known potential heads and those 

which do not allow any flow across them. 

Hydraulic analyses are performed and results are compared with field 

data. Modifications that can be reasonably justified are then made 
to the boundary conditions, material properties, or material zones 

in order to close the variance between observed and computed results 
within acceptable limits. Satisfactory completion of this stage is 
considered to result in a model that can reasonably represent the 
site characteristics. 

C.3. PROBLEM DESCRIPTION 

Based on hydrogeological boundaries, two distinct aquifer systems are 
identified to be affected by the contaminated plume. One system, herein 
referred to as the South System, is the upper sand and gravel contained 
within the glacial Outwash/Missoula flood deposits. The second system, 

hereafter referred to as the East-West System, is the lower sand and gravel 

aquifer that exists within the glacial fluvial/alluvial deposits and 

weathered latah formation. The lower aquifer is separated from the upper 
aquifer by the intervening glacial lake Columbia Lascustrine silts and clays. 
A comprehensive description of the site geology is included in the RI Report 
(Golder Associates, 1986). 

For the purposes of present study, the preferable approach to the problem is 

to separately consider each aquifer system, making due allowance for the 

likely infiltration from the South System onto the appropriate regions of the 

East-West System. Two models have, therefore, been analyzed for which the 

following discussions can be presented. 

Golder Associates 
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C.4 ANALYSES AND RESULTS 

C.4.1 South System 

An outline of the region considered to enclose the upper sand and gravel 
aquifer is shown in Figure C-1. The calibration study revealed that inflow 

is predominantly occurring through boundary EF towards boundaries AB and BC. 
No flow is assumed to take place through the remaining boundaries of the 

mesh. As indicated in Figure C-1, a region of higher hydraulic conductivity 
is recognized to exist in the general area of interest. The hydraulic 
conductivity (k) in this zone is believed to be 2 x 10-2 ft/sec as· compared 
to 8 x 10-3 ft/sec over the rest of the area. Although the surface 
distributed inflow (SDI) magnitudes are assumed uniform (approximately 6 to 

7 inches per year), the numerical analyses indicate the surface distributed 
leakage (SOL) magnitudes in the two areas are different. In the general 

area, SOL i~ approximately 0.3 to 1.3 inch/year whereas in the central high 
conductivity zone this is approximately 40 percent higher. 

Using the aquifer characteristics and geometry as described in the preceding 
paragraph, a reasonable agreement was observed between the field piezometric 
contours presented in the RI Report (Golder, 1986) and the computed results. 

The calibrated model can now be subjected to various pumping schemes in order 

to establish some guidelines for a system that can satisfactorily prevent 
further advancement of the contaminated front. System parameters that were 

varied during computer simulations include hydraulic conductivity, pumping 
rates, number and spacing of wells, and recharge distance down-gradient of 
the interceptor well system. 

Figure C-2 depicts the approximate location of a well system which can 
effectively contain the contaminated region. The reconrnended scheme is to 

place eight wells at approximately 400 feet apart. The required pumping rate 
to impede the further migration of the contaminated plume depends on whether 
the treated outflows from the wells are recharged back into the system 
(e.g., via recharge wells or infiltration drains) or discharged away from the 
system (e.g., into a nearby creek or river). If the latter option is 

Golder Associates 
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adopted, a total pumping rate of 160 to 220 gallons per minute (gpm) would be 
sufficient to significantly retard the fluid migration. In other words, each 

well must be designed to pump about 25 gpm. If it is decided to recharge the 
treated fluid back into the flow regime, the total pumping rate must be 
inireased to deal with the additional flow. In the analysis carried out, the 
recharge area was placed approximately 1,500 to 2,000 feet south of the 
proposed interceptor well line (see Figure C-2). For such a situation the 
total pumping rate for capturing the anticipated flow is computed to be about 

250 to 320 gpm, i.e., each well must be capable of pumping 35 to 40 gpm. 

The concentration of contaminants within the proposed water will be dependent 

on whether treated water is discharged to surface waters or recharged back to 
the aquifer. For the south system that recharges treated ground water to the 
aquifer, it is estimated that 40 to 50 percent of the pumped water contains 
contaminated water. Thus, the contaminant concentrations of the pumped water 
for treatment should be 40 to 50 percent the average contaminant 
concentrations within the plume immediately up-gradient to the interceptor 
wells. The corresponding figure for direct discharge of treated ground water 
to surface waters is 65 t6 70 percent. 

Based on flow field estimates fro numerical analyses and the concentrations 
of contaminants presented in the RI Report (Golder, 1986) the estimated 
average concentration of the pumped groundwater for the South Interceptor 
Well System is presented in Table C-1. 

Golder Associates 
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Table C-1 

Estimated Average Concentration of Contaminants 
in Pumped Groundwater for the South Inteceptor Well System 

Contaminant 

1,1,1,-Trichloroethane 
1,1-Dichloroethylene 
1,1-Dichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Methylene Chloride 

C.4.2 East-West System 

Average Concentration (ppb) 

Without Recharge With Recharge 

420 

10 
210 

21 

270 

7 

140 

14 

Figure C-3 illustrates the outline of the lower aquifer used in the analysis. 

The boundaries approximately coincide with the inferred hydrogeological 

features of the site as described in the RI Report. As shown, the general 
area is divided into five zones having different conductivity and inflow 

(SDI) characteristics. The associated hydraulic conductivity and SDI values 
are shown in Figure C-3. The surface distributed inflows are not considered 

to be uniform, particularly a higher infiltration is anticipated in the 
region where the upper sand/gravel aquifer does not exist or discharges 
ground water to the lower sand/gravel aquifer. 

The boundary conditions are such that fluid flows from the east section to 
the west with no flow through southern (AB) and northern (EF) boundaries. The 
fluid potentials at the east and west boundaries that would approximately 
result in developing the field data, using the chosen aquifer geometry and 
characteristics, are shown in Figure C-3. Various pumping schemes were run 

Golder Associates 
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for preventing the plume migration (west system) and restoring the region 
already contaminated (east system). System parameters that were varied 

during computer simulations include hydraulic conductivity, pumping rates, 
the number and spacing of wells. 

In order to effectively prevent further advancement of the contaminated plume 
zone, ten (10) interceptor wells should be placed west of the landfill. The 

approximate location of these wells is shown in Figure C-4. The total 
pumping rate is estimated to be 1,000 to 1,600 gpm for the system. Each well 

in the west system must therefore have a designed capacity of about 130 gpm. 
This system assumes that the pumped fluid is not recharged back in.to the flow 

regime, but the treated ground water is discharged into the Little Spokane 
River. 

If enhanced restoration of the aquifer is desired, a line of extraction wells 
in the east section of the site in the vicinity of secondary sources of 
contamination could be established. The objective of the east system is not 
to create a hydraulic barrier to flow, but to collect highly contaminated 

ground water near secondary sources. The east system is made up of 12 wells 
at about 400 foot spacings as shown in Figure C-4. This system is designed 

for a total pumping of 500 to 600 gpm. The east system must be operated in 
conjunction with the operational west system . The west system can then be 
reduced to a total of 1,000 to 1,300 gpm to intercept the contaminated zone. 
As previously mentioned, this scheme assumes no recharge of the treated fluid 

back into the flow system. If it is contemplated to recharge the fluid 
within the zone affected by the wells, the overall pumping rate must be 

increased to meet the additional flow quantity. 

The concentration of contaminants within the pumped water will be different 

for the west and east systems. The west system if operated independently 
should have a pumped concentration of about 65 to 75 percent of the average 
plume concentration immediately upgradient (east) of the interceptor well 
system. If the west system is operated in conjunction with the east system, 

the concentration should decrease at an increased rate with time. The rate 
of decreasing concentration could only be estimated by solute transport 

Golder Associates 
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modeling. The concentration of contaminants within the pumped ground water 

in the east system cannot be detennined since the exact location and geometry 
of the secondary sources are not known. It is expected that the 
concentration from each well in the eastern system will be quite variable. 

Table C-2 presents estimated average concentrations in the pumped groundwater 
for both the West and East well systems. The estimated contaminant 
concentrations for the West System are based on the flow fields from 
numerical analyses and on the concentrations of contaminants in the RI Report 
(Golder, 1986). The concentrations estimated for the East System represent 
the average plume concentration for each contaminant east of the Colbert 
Landfill (Golder, 1986). 

Table C-2 

Estimated Average Concentration of Contaminants 
in Pumped Groundwater from the West Interceptor and 

East Extraction Well Systems 

Average Concentration (ppb) 
Contaminant 

1,1,1,-Trichloroethane 
1,1-Dichloroethylene 
1,1-Dichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Methylene Chloride 

West System East System 
1,400 1,900 

100 

100 

14 
4 

630 

Golder Associates 
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C.5 SUMMARY 

Table C-3 summarizes the main findings discussed in this section. 

Table C-3 

Well 

Number Spacings Total Pumpin2 Rate (9pm) 
Aguifer of Wells ( ft) With No Rechar9e With Rechar9e 
Upper Sand & Gravel 8 400 160 to 220 250 to 320 

South System 

Lower Sand & Gravel 10 450 1, 000 to 1 , 600 Not Applicable 
West System 

Lower Sand & Gravel 10 West 450 1,000 to 1,300 Not Applicable 
East and West System 
Combined 12 East 400 500 to 600 Not Applicable 

8431360008/FS RPT/APPN-C/COL4/487 

Golder Associates 
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APPENDIX D 

Potentially applicable or relevant and appropriate requirements. 

l. EPA 1 s Office of Solid Waste administers, inter alia, the Resource 
Conservation and Recovery Act of 1976, as amended (Pub. L. 94-580, 

90 Stat 95, 42 U.S.C. 6901 et seq.). Potentially applicable ore 

relevant requirements pursuant to that Act are: 

4178a 

a. Open Dump Criteria - Pursuant to RCRA Subtitle D criteria 

for classification of solid waste disposal facilities 
(40 CFR Part 257). Note: Only relevant to nonhazardous 

wastes. 

b. In most situations Superfund wastes \dll be handled in 
accordance with RffiA Subtitle C requirerilents governing 
standards for owners and operators of hazardous waste 
treatment, storage, and disposal facilities: 40 CFR Part 

264, for permitted facilities, and 4U CFR Part-265, for 

interim status facilities. 

o Ground Water Protection (40 CFR 264.90-264. l09i 

0 

0 

0 

0 

0 

Ground Water Monitoring (40 CFR 265.90-265.:34) 

Closure and Post Closure (40 CFR 264. llU-264. 120, 
265.110-265. l 12) 

Cont~iners (40 CFR 264.170-264.178, 265.170-2G5.177) 

Tanks (40 CFR 264.190-264.200, 265.190-265. l':19) 

Surface Impoundments (40 CFR 264.220-264.249, 
265. 220-26 5-230) 

D-1 
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0 

Haste Piles (40 CFR 264.250-264.269, 265.250-265.258) . 

Land Treatment (40 CFR 264.270-264.299, 

265.270-265.282) 

Landfills (40 CFR 264.300-264.339, 265.330-265.316) 

Incinerators (40 CFR 264.340-264.~99, 
260.340-265.369) 

Dioxin-containing wastes (50 FR 1978). Includes the 
final rule for the listing of didxin containing waste 

2. EPA's Office of Water administers several potentially dpplicaole or 
relevant and appropriate statues and regulations issued thereunder: 

a. Section 14.2 of the Public Health Service Act as amended by 

the Safe Drinking Water Act as amended (Pub. L.93-523, 88 
Stat. 1660, 42 U.S.C. 300f et. seq.). 

b. 

4178a 

0 

0 

Maximum Contaminant Levels (for all sources of 

drinking water exposure). (40 CFR 141.11-141.16) 

Underground Injection Control Regulations. (40 CFR 

Parts 144, 145, 146, and 147) 

Clean Water Act as amended (Puo. L. 92-500, 86 Stat. 816, 33 
U . S . C . 12 5 1 et. s eq . ) . 

o Requirements established pursuant to sections 301, 
302, 303 (including State water quality standards ) , 
306, 307, (including Federal pretreatment 
requirements for discharge into a publicly owned 

treatment works), and 403 of tne Clean Water Act. 
(40 CFR Parts 131.400-469) 

lJ-2 
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3. 

c. Marine Protection, Research, and Sanctuaries Act (33 U.S.C. 

140 l ) • 

o Incineration at sea requirements. (40 CFR Parts 

220-225, 227, 228. See also 40 CFR 12!5.120-125.124) 

EPA 1 s Office of Pesticides and Toxic Suostances. 

a. Toxic Substances Control Act (15 U.S.C. 2601). 

0 

0 

PCB Requirements Generally: 40 CFR Part 761; 

Manufacturing Processing, IJistribution in Commerce, 

and Use of PCBs and PCB Items ( 40 CFR 

761.20-761.30); Markings of PCBs and PCB items (40 

CFR 761.40-761.45); Storage and IJisposal (40 CFR 

761 .60-761.79). Records and Reports (40 CFR 

761.180-761.185). See also 40 CFR 129.105, 7!50. 

Disposal of Waste Material Containing TCDD. (40 crn 
Parts 775.180-775.197i 

4. EPA 1 s Office of External Affairs 

Section 404 (o)(l) Guidelines for Specification of Disposal Sites 

for Dredged or Fill Material (40 CFR Part 230J. 

Procedures for denial or Restriction of Disposal Sites for Dredged 

Material (Section 404(c) Procedures, 40 CFR Part L3 l). 

5. EPA 1 s Office of Air and Radiation administers several potentially 

applicable or relevant and appropriate statutes and regulations 

issued thereunder. 

4178a 
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6. 

a. The Uranium Mill Tailings Radiation Control Act of 1~78 (42 

u.s.c. 2022). 

o Uranium mill tailing rules - Health and 

Env ironrnenta 1 protection Standards for Uranium and 

Thorium Mill Tailings (40 CFR Part 192} 

b. Clean Air Act (42 U.S.C. 7401 }. 

o National Ambient Air Quality Standards for total 

suspended part i cu 1 ates ( 40 CFR Parts 50. 6- 50. 7) 

o Nationa 1 Ambient Air Qua 1 ity Standards for ozone 

( 40 CFR 50. 9) 

o Standards for Protection Against Radiation - Hign 

and low level radioactive waste rule, ( 10 CFR Part 

20). See also 10 CFR Parts 10, 40, 60, 61, 72, 960, 

961 

o National Emission Standards for Hazardous Air 

Pollutants for Asbestos, ( 40 CFR 61.140-til .150 ) . 

See also 40 CFR 427.110-427.116, 763 

o National Emission Standard for Hazardous Air 

Pollutants for Radionucl ides ( 40 CFR Part 61, 10 CF!{ 

20.101-20.108} 

Other Federal Requirements 

a. OSHA requirements for workers engaged in response activities 

are codified under the uccupational Safety and Health Act of 

1970 (29 U.S.C. 651). The relevant regulatory requirements 

are included under: 

4178a 
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b. 

c. 

d. 

4178a 

0 Occupational Safety and Health Standards (General 

Industry Standards) (29 CFR Part 1910) 

o The Safety and Healtn Standards for Federal Service 

Contracts (29 CFR Part 1926) 

o The Sll ipyard and Longshore Standards ( 29 CFR Parts 

l:115, 1918) 

o Recordkeeping, reporting, and related regulations 

(.29 CFR Part 1904) 

Historic Sites, Buildings, and Antiquities Act (16 U.S.C. 461). 

National Historic Preservation Act, 16 U.S.C. 470. Co1npliance 

with NEPA required pursuant to 1 CFR Part 650. Protection of 

Archaeological Resources: Uni form Regulations-Department of 

Defense (32 CFR Part 229, 229.4). Department of the Interior 

( 43 CFR P art 7 , 7 • 4) . 

DOT Rules for the Transportation of Hazardous Materials, 

49 CFR Parts 107, 171.1-171.500. Regulation of activities in 

or affecting waters of the United States pursuant to 33 CFR 

Parts 320-329. The follmdng requirements are also triggered 

by Fund-financed actions: 

o Endangered Species Act of 1::173, lo LJ.S.C. 1S31. 

(Generally, 50 CFR Parts 81, 225, 402). Wild and 

Sc en i c R i v er s Ac t , 16 U . S . C • 1 2 7 1 

0 Fish and Wildlife Coordination Act, 16 U.S.C. obl 

note 
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o Fish and .Wild l if.a Improvernent Act of 1978, and Fisn 

and Wi l dlife Act of 1956, 16 U.S.C. 742a note 

o Fish and Wildlife Conservation Act of 1980, 16 
U.S. C. 2901. (Generally, 50 CFR Part 83) 

o Coastal Zone Management Act of 1972, 16 U.S.C. 

1451. (Generally, 15 CFR Part 1930 and 15 CFR 1923.45 

for Air and Water Pollution Control Requirements) 

Other Federa 1 Criteria, Advisories, Guidance, and State Standards to be 

Considered 

1. Federal Criteria, Advisories, and Procedures 

Health Effects Assessments (HEAs). 

Recommended Maximum Concentration L irnits (RMCLs). · 

Federal Water Quality Criteria (1::176, 1980, 1~84). Note: Federal 

Water Quality Criteria are not legally enforceable. State water 

quality standards are legally enforceable, and are developed using 
appropriate aspects of Federal Water Quality Criteria. In many 

cases, state water quality standards do not include specific 

numerical limitations on a large number of priority pollutants. 

hhen neither state standards nor i·~Cls exist for a given pollutant, 
Federal Water Quality Criteria are pertinent and therefore are t o 

be considered. 

Pesticides registrations. 

Pesticides and food additive tolerances and action levels. Note: 
Germane portions of tolerances and action levels rnay be pertinent 
and therefore are to be considered in certain situations. 

4178a 
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Waste load allocation procedures, EPA Uffice of Waste. 

Federal sole source aquifer requirements. 

Public health basis for the decision to list pollutants dS 

hazardous under section 112 of the Clean Air Act. 

EPA's Groundwater Protection Strategy 

New Source Performance Standards for Storage Vessels for Petroleum 
Liquids. 

TSCA health data. 

Pesticide registration data. 

TSCA chemical advisories (2 or 3 issued to date). 

Advisories issued by P~S and ~~FS under the Fish and wildlife 

Coordination Act. 

Executive Orders related to Floodplains (11988) and Wetlands 
(11990) as implemented by fPA's August 6, 1985, Policy on 
Floodplains and Wetlands Assessments for CERCLA Actions. 

TSCA Compliance Program Policy. 

OSHA healtn and safety standards that may be used to protect puolic 
health (nonworkplace). 

Health Advisories, EPA Office of Water. 

2. State Standards. 

State Requirements on Disposal and Transport of ;{adioactive Hastes. 

4178a 
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State Approval of Water Supply System Additions or Developments. 

State Ground Water Withdrawal Approvals. 

Requirements of authorized (Suotitle C of RCRAJ state hazardous 

waste programs. 

State Implementation Plans and Delegated Programs Under Clean Air 

Act. 

All other State requirements, not delegated through EPA authority. 

Approved State NPDES programs under the Clean Water Act. 

Approved State UIC programs under the Safe Drinking Water Act. 
Note: Many other state and local requirements could be pertinent. 
Forthcoming guidance will include a more comprehensive list. 

3. USEPA RffiA Guidance Uocuments 

Draft Alternate Concentration Limits (ACL) Guidance 

a. EPA's RCRA Design uuidelines: 

4178a 

o Surface Impoundments, Liners Systems, Final Cover 

and Freeboard Control 

o ~aste Pile Design - Liner Systems 

o Land Treatment Units 

o Landfill Design - Liner Systerns and Final Cover 
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b. 

c. 

4178a 

Permitting Guidance Manuals: 

o Permit Applicant's Guidance Manual for Hazardous 

Waste Land Treatment, Storage, and Disposal 

Facilities 

o Permit Writer's Guidance Manual for Hazardous Waste 

land Treatment, Storage, and Disposal Facilities 

o Permit ',,Jriter's Guidance Manual for Subpart F 

o Perrnit Applicant's Guidance Manual for the General 

Facility Standards 

o Waste Analysis Plan Guidance Manual 

o Permit 1..Jriter's Guidance Manual for Hazardous Waste 

Tanks 

o Model Permit Application for Existing Incinerators 

o Guidance Manual for Evaluating Permit Applications 

for the Operation of Hazardous Waste Incinerator 

Uni ts 

o A guide for Preparing RCRA Permit Applications for 

Existing Storage Facilities 

o Guidance Manual on Closure and Postclosure Interim 

Status Standards 

Technical Resource Documents (TRDs): 

o Evaluating Cover Systems for Solid and Hazardous 

Haste 

0-9 
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d. 

4173a 

o Hydrologic Simulation of Solid ~aste Disposal Sites 

o Landfill and Surface Impoundment Performance · 
Evaluation 

o Lining of Water I1npoundment and Disposal Facilities 

o Management of Hazardous Waste Leachate 

o Guide to the Disposal of Chemically Staoilized and 
Sol id if i ed Waste 

o Closure of Hazardous ~~aste Surface lll1pound1,1ents 

o Hazardous Waste land Treatment 

o Soil Properties, Classification, and Hydraulic 
Conductivity Testing 

Test Methods for Evaluating Solid Waste: 

o Solid Waste Leaching Procedure Manual 

o Metnods for the Prediction of Leachate Plume 
Migration and Mixing 

o Hydrologic Evaluation of Landfill Performance (HELP) 
Model Hydrologic Simulation on Solid Waste Disposal 
Sites 

o Procedures for Modeling Flow Through Clay Liners to 
Det ertni ne Required Liner T,1 i cknes s 

o Test Methods for Evaluating Solid ~Jastes 

l)-10 
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4. 

o A Method for Determining the Compatibility of 
Hazardous Wastes 

o Guidance Manual on Hazardous \~aste Compatibility 

USEPA Office of Water Guidance Documents 

a. Pretreatment Guidance Documents: 

o 304(g) Guidance Document Revised Pretreatment 
Guidelines (3 Volumes) 

b. Water Quality Guidance Documents 

c. 

o Ecological Evaluation of Proposed Discharge of 
Dredged Material into Ocean Waters ( 1~77) 

o Technical Support Manual: Waterbody Surveys and 
Assessments for Conducting Use Attainability 
Analyses ( 1983) 

o Water-Related Environmental Fate of 129 Priority 
Pollutants (1~79) 

o Water Quality Standards Handbook (1~83) 

o Technical Support Document for Wdter Quality-odsed 
Toxics Control 

NPOES Guidance Documents: 

o NPIJES Best Hanagement Practices Guidance manual 
(June 1981) 

4178a 
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o Case studies on toxicity reduction evaluation 
( May 1~83) 

d. Ground Water/UIC Guidance Document: 

o Designation of a USDW 

o Elements of Aquifer Identification 

o Interim guidance for public participation 

o Definition of major facilities 

o Corrective action requir~~ents 

o Requirements applicable to wells injecting into, 
through, or above an aquifer which has oeen exempted 
pursuant to Section 146.104(b)(4) 

o Guidance for UIC implementation on Indian lands 

5. USEPA Manuals for the Office of Research and Development 

a. EW 846 methods-laboratory analytic methods. 

b. Lab protocols developed pursuant to Clean Water Act 
Section 304(h). 

4178a 
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PURPOSE OF STUDY 

The purpose of this study is to examine the potential impacts on 
land use, population and property values of the remedial actions 
proposed to address contamination near the Colbert Landfill. 
Groundwater contamination in the vicinity of the landfill, owned 
and operated by Spokane County, became apparent in 1980 when 
several drinking water wells were affected. The site was nomi
nated for the federal National Priority List in 1983. 

Several hydrogeological studies have been done to identify the 
extent and source of the contamination. A Remedial Investigation 
under the direction of the Washington State Department of Ecology 
was completed in May 1986 by Golder Associates. A Feasibility 
Study is now underway, identifying and evaluating possible reme
dial actions to correct the contamination problem. 

This study provides input to the evaluation of remedial actions. 
It identifies existing land uses and assesses changes that may 
occur if various remedial actions were implemented. Impacts on 
property values are also discussed. 

DESCRlPTION OF STUDY AREA 

The area potentially impacted by the proposed remedial actions is 
approximately 6800 acres (5.3 miles long by 2 miles wide) in 
north central Spokane County near the town of Colbett. The 
study area, shown on the map on page five generally corresponds 
to Whitworth Water District's System 9, but does not extend as · 
far eastward. It extends southwestward from the landfill, fol
lowing the general direction of the contaminant plume. 

The area has natural boundaries on the west (the Little Spokane 
River) and the south lPeone Creek). The eastern border is 
Hardesty Road and its extension and the northern border is Wild 
Rose Road and its extension. 

lt is bisected by U.S. Highway 2, the primary route to the nor
thern part of the state, and the Burlington Northern Railruad 
right-of-way. The only town is Colbert, adjacent to the highway 
about halfway between the north and south boundaries. The 
landfill itself is located 1/2 mile south of the northern 
boundary. 

The terrain is generally rolling hills covered with grasses and 
stands of pine trees. Usage is primarily semi-rural with several 
suburban subdivisions in the southern section. Platted develop
ments in the northern half, closer to the landfill, are less 
densely settled with five acre tracts. 
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POPULATION 

The total population within the three mile radius used for the 
CERCLA Hazard Ranking System is estimated to be 1,500, or a 
density of 50 persons per square mile. 

Because of incongruent boundaries, accurate demographic data is 
difficult to disaggregate. The study area is divided among three 
large census tracts, forming a small part of each one. U.S. 
Highway 2 and Elk-Chattaroy Road, in the middle of the study 
area, form the boundary between census tracts 102 and 103.02. _ 
The suburban portion south of Colbert Road forms a part of tract 
105.02. Because each of these tracts has considerable population 
outside the study area, the census data are not useful for this 
analysis. 

For planning purposes Spokane County uses smaller areas called 
Transportation Analysis Zones (TAZ). Two TAZ 1 s are contained 
entirely within the study area, as shown on 'the map on the 
following page. TAZ 181 covers the urban/suburban area between 
Peone ~reek and Colbert Road and between the Little Spokane River 
and U.S. Highway 2. This is the most heavily populated part of 
the study area. 

TAZ 196 is a narrow strip of semi-rural land east of the railroad 
right-of-way up to Colbert Road, including Ballard's Addition and 
Peone Pines, but not Lane Park. 

The rural portion, including the town of ~olbert and the neigh
borhood immediately around the landfill, is omitted from the 
following discussion because it is in TAZ 298, which encompasses 
the eatire area north of Colbert and Day-Mount Spokane Roads to 
the county line. It was impossible to disaggregate the data 
needed. This area is not included on the map on page 3. 

All projections were done in 1983 by the Spokane Regional Plan
ning Conference, with participation by the Spokane County Plan
ning Department and other agencies. Data are based on the 1980 
Census. 

Urban/~uburban Area 

TAZ 181 is an urban/suburban area and includes the developments 
o f R i v e r v i e w H i l l s , H i l l t o p , Ra n c h e t t e s I~ o r t h , C o l b e r t H e i g h t s , 
Little Spokane River Estates, Golden Estates, Argonaut Estates, 
Shenandoah and Meadow View. 

The 1980 population of this area was 1439, which is projected to 
increase 42% by the year 2000, to 20J9. This growth rate is 
greater than the 34% rate projected for the Spokane non-urban 
area as a whole. The 420 households (1980) are projected to in
crease by 50%, to 612. Household size is expected to decrease 
slightly, from J.4 to 3.2. 

The area has little commercial activity. 1n 1980 employment was 
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155, which is expected to grow slightly to 173, primarily in the 
retail and service fields. 

Semi-Rural Area 

TAZ 196 is primarily semi-rural, with two subdivisions, Peone 
Pines and Ballard's Addition. This area had a 1980 population of 
518, projected to increase 45% to 752 by the year 2000. This is 
slightly higher than the 34% rate projected for the general 
Spokane non-urban area. The 171 households are expected to 
increase at a similar rate, 52%, to 260. Median household size 
was J.0 and was expected to decrease slightly to 2.9. 

This zone also has little commercial activity. Employment was 
only 70, and was expected to increase by 31% to 92. 

EX1ST1NG LAND USE 

According to the Generalized Comprehensive Plan for Spokane 
Cou nty, adopted in 1980, the study area includes four land use 
classificatio ns: Urban, Suburban, ~emi-Rural and Rural. The 
boundaries are illustrated on the land use map on the following 
page. 

Zoning 

The platted areas are zoned Agricultural Suburban, a designation 
permitting single family dwellings, duplexes and doublewide 
manufactured homes. A 1 imited number of animals are al lowed on 
lots of one acre or more. The unplatted portions of the stuay 
area are designated Agricultural, allowing larger farms and the 
raising of animals for commercial purposes. 

The zoning code predates the Comprehensive Plan and they disagree 
in some cases. According to county planners, all zoning will be 
changed to comply with the Plan by 1991. Since population densi
ty and development are determined by the Plan, the following 
discussion is based on that document rather than on the zoning 
ordinance. 

Urban Area 

The southernmost part, about 3.5 miles from the landfill, is 
classified as Urban, allowing up to five houses per acre. There 
are several dense subdivisions of single-family homes, incluaing 
Neadow View, Argonaut Estates and Shenandoah. Many of these 
homes are new and development is continuing. There is also a 
large mobile home park, Lane Park. 

Shena ndoah has its own water system and a development in the 
extreme southern portion is served by Spokane Suburban water 
Oistrict . The rest of this area is served by the Whitworth Water 
District. 
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Medd Airport, a small grass air field, is located west of U.S. 
Highway 2 near Mt. Lowe Road. 

Suburban Area 

The study area between the Little Spokane River and U.S. Highway 
2, north of Meadow View, is classified as Suburban, allowing two 
houses per acre. There are at least ten subdivisions, with lot 
sizes ranging from .5 to 5 acres. A significant amount of recent 
construction has occurred, especially in Eagle Wood, east of the 
highway on Lowe Road. High quality newer homes, many on lots up 
to five acres, are also found in Little Spokane River Estates and 
Summerwood. These areas have many undeveloped lots awaiting 
construction and many "for sale" signs are seen on both lots and 
houses. 

These subdivisions are served by the Whitworth Water District, 
except for Riverview Hills and Hilltop, served by the Spokane 
Suburban Water District. 

The minimal amount of commercial development is primarily adJa
cent to the highway. 

'.::iemi-Rural Area 

North of Colbert Road (west of Highway 2) and Day-Mt. Spokane 
Road (east of Highway 2) is classified as Semi-Rural, requiring 
two acres for each house. 

One town and three platted developments are located in the Semi
Rural area: 

o Co l bert, two miles south of the landfill, is a small town 
of older homes and typical small retail and service 
businesses. It receives water from the Whitworth Water 
District. 

o North Glen Estates contains both newer and older homes 
set on winding hilly roads above the Little Spokane 
River. This development is less than 1/2 mile west of 
the landfill and is currently served by a private water 
system with one supply well. 

o Hermsmeier's Addition, less than one miles southwest of 
the landfill, consists of scattered houses on large lots. 
These homes have individual wells, some of which have 
been contaminated by the landfill. 

o North Meadows Addition has about a dozen large lots, most 
of which have not yet been developed. They are also served 
by individual wells. 

A number of small farms are located outside these platted areas. 
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Rural Area 

North of Woolard Road and west of U.S. Highway 2 is designated as 
Rural, allowing one house per ten acres. However, there are 
three developments pre-dating the Comprehensive Plan: 

o The Wahoo Addition, zoned Residential Manufactured Housing, 
has 30+ homes on 2-3 acre lots. It is located about 1/2 
mile south of the landfill and has its own water system 
with one supply well. 

o Open Air Addition and Wilson Heights have about fifty 
homes on five acre and larger lots. Many have animals ana 
large gardens. Most are located within 1/2 miles of the 
landfill. All have been served with private wells, although 
some have been found to be contaminated and are now re
ceiving water from the Whitworth Water District. Many have 
hooked up to the water system, or have requested hookups, 
at their own expense. 

FUTURE LANO USES 

Views of future development and growth in this area differ. As 
part of its forecast for transportation planning purposes, the 
Spokane Regional Planning Conference (SRPC), in 1983, developed 
profiles of existing land uses and projections for changes. 
These project minimal changes for the Colbert region. 

Urban/Suburban Area (TAZ 181): . Out of a total of 2331.3 acres 
in thi-s analysis zone, the majority (85% or 1979.5 acres) was 
vacant or in agricultural use in 1980. Low-density residential 
development used 284.8 acres (12%) and 4.3 acres (.2%) were high 
density residential. Two percent or 53.1 acres was listed as 
undeveloped and only 1% (16.5 acres) was in commercial use. 

Minimal changes in this profile are projected for the year 2000. 
The major one was a 28% increase in low density residential 
development (to 16% or 363.5 acres) and a slight increase in land 
devoted to streets. There would be a corresponding reauction in 
the amount of agricultural vacant land. 

Semi-Rural Area ~TAZ 196): Of a total of 766.3 acres in this 
analysis zone, t e maJority (73% or 558.6 acres) was vacant or 
agricultural. Fifteen percent, or 117.5 acres, was low density 
resid~ntial. uther uses were insignificant. The space devoted to 
residential use is projected to increase by 29% to 152.1 acres by 
the year 2000, occupying 20% of the land in the zone. 

Oevelopment Density 

As noted above, these planning designations were made in the 1980 
Comprehensive Plan. Regardless of existing densities, new 
development proposals will have to conform to this plan and its 
density limitations. The plan will be updated every five years 
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to keep abreast of growth and other factors, and there is a 
theoretical possibility of increased density being allowed in the 
future. 

However, in its comments to the Boundary Review board on 
the Whitworth Water District's Water System Plan Update, the 
Spokane County Planning Department indicated that there are 
significant restraints to increased development in the Colbert 
area and that it is unlikely that increased densities would 
be allowed. 

The County Planning Department sees these factors as important 
restraints to development in the Colbert area: 

o The Comprehensive Plan requires adequate groundwater for 
rural housing development. Although the presence of 
water mains would mitigate this to some degree, water for 
irrigation and animals should also be considered. Even 
without contamination problems, many wells are barely 
adequate. 

o The groundwater is also susceptible to contamination 
from septic tanks. It is not expected that sanitary 
sewers will be extended north of the city in the foresee
able future, limiting lots to at least five acres. 

o The transportation corridors from downtown Spokane to the 
north are generally poor, despite the state's planned 
improvements to U.S. Highway 2. 

Uthers, however, feel that the installation of water mains to 
Wilson Heights has signific.antly enhanced the potential of .pro
perties in the U.S. Highway 2 corridor and that development 
pressure will be strong in next five to ten years. These water 
lines could make it easier to build cluster developments, which 
are allowable as long as density requirements are met. 

The possibility of political pressure being used to change the 
Comprehensive Plan can never be discounted, but it cannot be 
accurately predicted. Actual development would, of course, still 
be dependent on general growth in the area and economic condi
tions. 

Given these factors and the county's attitudes, it seems unlikely 
that growth will exceed thi maximum allowed by the current Com
prehensive Plan, even if the groundwater contamination is cor
rected. 

Land Use 

The clear intent of the Comprehensive Plan is to retain this area 
as a low density residential zone with agricultural and open 
space uses. There is no reason to believe this will change. 
industrial development is unlikely to occur. Limited commercial 
use will probably develop to service residential growth. Given 
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the semi-rural/rural emphasis, agricultural uses will remain. 
However, this may be limited if groundwater cannot be used for 
livestock. 

PROPERTY VALUES 

The maJor socioeconomic impact of the groundwater contamination 
has been on property values. Since the problem became known 
in 1980 it has received widespread media attention. A lawsuit 
in 1982, resulting in a $300,000 settlement for several property 
owners, received considerable publicity and may have convinced 
the public throughout the county of the severity of the problem. 
This has had several effects. 

Assessed Values 

Assessed values of many homes in the landfill area have been 
directly impacted by the finding of contamination in domestic 
wells. The Tax Assessor has used two methods of devaluation, 
both described below. 

Following the 1982 lawsuit, the Spokane County Tax Assessor 
reduced the assessed valuations of homes near the landfill. 
Based on information from a hydrogeological consultant, a 3/4 
mile circle around the landfill was designated as a problem area. 
Properties with wells containing over l,000 ppb of l,1,l
trichloroethane (TCA) were devalued by 30 percent. This per
centage was based on the advice of an appraiser hired by the 
county; there was no market evidence to establish a specific 
percentage. Other homes within the 3/4 mile zone were devalued 
25 percent, 15 percent or five percent. These reductions were 
based on their distance from the landfill and were not dependent 
on their having contaminated wells. 

Since 1984 Spokane County and Keytronic Corporation have pro
vided water hookups for homes within 500 feet of a water main 
whose wells have a contaminant level over 200 ppb of TCA. Since 
this remedy has been provided, the method of adjusting the as
sessed values has changed. Property values that had been reduced 
were restored to original levels. A "cost to cure" revaluation 
approach is now used, based on the way a prospective purchaser 
would look at the problem. Assessed values of homes with con
taminated wells (>200 ppb) have been reduced by the average cost 
of a water system hookup ($5,000). After a house is actually 
hooked up to the water system it is revaluated. Of course, the 
relationship between a property's assessed valuation and its 
actual sales price varies according to the market. 

Under this approach, those with contamination of less than 200 
ppb and houses close to those with contamination do not have 
their assessments reduced. However, they may still experience 
difficulty in selling their homes because of prospective pur
chasers' fears. 

9 
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All properties in the county are revaluated every four years and 
the Colbert area is being done now. New valuations will be mailed 
to property owners this fall. 

Market Values 

Based on anecdota l i nformation, there appears to be a "stigma" 
about the Colbert area due to the contaminated wells. Some 
believe this is affecting sales prices of properties and the 
length of time they remain on the market. 

However, no study has been done of the actual effect on market 
values of the contamination problem and its stigma. According . to 
the assessor, overall market activity (number of sales) in the 
general Colbert area seems to be the same as five years ago. 

un a county-wide basis, homes have sold for an average of 105% of 
the assessed value. In other words, the assessed value is, on 
average, 95% of the sales price. Eighty percent of properties in 
the county sell for more than their assessed value, but the 
difference is relatively slight. Specific figures for the Col
bert area are unavailable. 

Conversations with several real estate agents familiar with the 
area indicate that prospective home buyers are often reluctant to 
view homes around Colbert because of the extensive negative 
publicity. A secure and safe water supply is important to pur
chasers and they would rather not risk future contamination. If 
people do start looking in the area, they are often willing to 
consider homes which have been hooked up to the water system. 
However, overcoming the initial stigma can be difficult. 

Some people have said this stigma extends as far as two to three 
miles from the landfill. It is primarily concentrated in sub
divisions where contaminated wells have been found, such as upen 
Air, Wilson Heights and Hermsmeier's Addition. lt is not clear 
whether the stigma extends to the suburban neighborhoods of 
Ranchettes North and the surrounding area served by the Whitworth 
Water District. 

Hany people report problems selling homes, keeping them on the 
market for two years or more with no offers, even after price 
reauctions. Especially in Wilson Heights and Hermsmeier's Addi
tion, water contamination is specifically mentioned by potential 
buyers as a concern. Even homeowners who have hooked up to the 
water system may face this reaction. For this reason, some 
people are not willing to go to the expense of hooking up, since 
they may not be able to recover the money when the house is sold. 

Oespite the indications that some purchasers are reluctant to 
look in the area and the fact that houses do sell slowly, real 
estate agents caution that many other factors affect the situa
tion. The economy and the real estate market throughout Spokane 
County have been generally slow for several years. Some people 
may be expecting to receive more for their property than is 
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reasonable in the current market. Some agents said that rural 
properties seem to be especially affected by the poor economy, 
perhaps because of the surplus of such properties, the driving 
distance and the inconvenience. It is difficult to separate the 
impacts of these factors from those caused by fears regdrding 
contamination. 

Large property owners' plans for future development appear to be 
delayed until the problem is resolved. There is some speculation 
that these property values will potentially increase due to the 
easier availability of water since new lines have been installed. 

Virtually everyone interviewed agreed that a solution to the 
problem such as an alternate water system or a water treatment 
system would in time reduce the stigma. However, it is very 
important that these actions be accompanied by an aggressive 
education campaign for the general public, the media and real 
estate agents to let people know that action has been taken and 
the water supply is safe and reliable. Many feel that the main 
problem is that only the negative events have been publicized and 
the fact that people are getting water hookups is not widely known. 

ALTERNATIVE REMEDIAL ACTIONS 

Three types of remedial actions are being studied: 

No-action: The approximately 45 existing water hookups would 
continue, but no new hookups would be provided. The existing 
monitoring system, consisting of quarterly or annual analysis of 
private wells on a rotating basis, would also be continued. 
Private wells would be sampled further to the south to monitor 
the movement of contaminants. 

Alternate water system: New water hookups would be provided to 
houses as their wells become contaminated (>200 ppb). This 
alternative includes no means of halting migration of the con
taminants, so the plume would continue to spredd unchecked. Over 
the thirty-year planning period, it is expected that the Whit
worth water system would be expanded to include Hermsmeier's 
Ad d i t i o n , W a h o o , I~ o r t h M e a d o w s , R i v e r v i e w H i l 1 s , H i 1 1 t o p , B a l -
lard's Addition, Shenandoah, North Glen Estates, Open Air Addi
tion, Wilson Heights and all other residences within this area. 
The system would be expanded gradually as the plume migrated, 
rather than al 1 residences being hooked up in a short time 
period. Based on the Whitworth Water District long term plan, up 
to 3,000 additional residences would be served. The system would 
be sized for this maximum expecte~ long-term growth. 

~ampling of both monitoring wells and private wells would be done 
to detect movement of contaminants. When a level greater than 
200 ppb is detected, the affected houses would be hooked up. The 
plume is expected to move uniformly so that, in most cases, all 
wells within an immediate area would be affected, and hooked up, 
at about the same time. 

11 
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All new houses constructed inside the plume would automatically 
receive hookups. No new wells for domestic use would be allowed. 

Homes receiving hookups would be prohibited from using their well 
water for in-home use, but would be able to use it for irriga
tion. Use for animal watering would be at the owner's discre
tion. A backflow preventer or some other mechanism would be re
quired to prevent mixing of well water with the system water, 
which could possibly lead to system contamination. 

Groundwater treatment: Three types of groundwater treatment are 
being studied: carbon adsorption, air stripping and oxidation 
(using either hydrogen peroxide or ozone). 

Different technology is used for each of these three approaches, 
but the end result would be the same: the migration of contami
nants would be substantially contained and the groundwater would 
be treated until contaminant concentrations were below acceptable 
levels and the water could be used for drinking purposes. 

For each of these alternatives, water hookups would be provided 
as described above to homes within the existing plume or those 
that may be affected as the plume migrates before the system is 
completely operational. Once the system is operational, migra
tion would stop in most areas and no further hookups would be 
necessary. However, in extensively contaminated areas close to 
the landfill, migration and hookups may continue. Monitoring 
wells would be installed to detect this migration and the ex
isting monitoring program would be continued. The domestic use of 
wells would be restricted as described above. 

All three types of treatment systems would include extraction 
wells at the boundaries of the plumes to intercept the contami
nated groundwater. If all three sides were done, three well 
fields with as many as thirty wells would be installed. Treat
ment buildings, pumps, piping and below-grade sumps would also be 
required. The groundwater would be drawn out and treated to meet 
drinking water standards. After treatment, the purified water 
would be discharged in one or more of three ways: 

l. Through an outfall into the Little Spokane River or 
Little Deep Creek 

2. To the ground through a drainfield with perforated pipes 
buried 3-5 feet below the surface, with filtration system 

~. Into the aquifer directly through recharge wells. 

IMPACTS OF ALTERNATIVES 

No-Action 

Taking no action to resolve the problem of contaminated water 
would have significant impacts on land use, population and pro-

12 
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perty values. 

The contaminant plume has migrated 1.5 miles in eight years. If 
no action were taken, the plume would presumably continue to 
migrate southward and west·ward to residential neighborhoods such 
as North Glen Estates that rely on individual and local supply 
wells. Migration in Wilson Heights and Upen Air Addition would 
also probably continue. 

Under this alternative, existing hookups would continue but no 
new hookups would be provided. Many wells would be unusable and 
there would be no convenient source of potable water. The resi
dents with contaminated wells would have four choices: 

o Drink the contaminated water. Although the health risk 
would be less over an average period of home ownership 
less than ten years) than over a whole lifetime, it is 
probable that few would want to knowingly accept this risk. 

o Move to another area. Given the problem, houses wou l d 
probably be difficult to sell, causing significant 
financial losses to property owners. 

o Use bottled water, at considerable expense and i ncon
venience. 

o Hookup to a public water system, if available, which 
would also entail considerable expense. 

The first three choices would greatly decrease property values 
because prospective purchasers would probably want a convenien t 
source of safe water. Although revaluations could provide some 
tax relief, this would not be adequate compensation. lt would, 
however, reduce county tax revenues. 

Uncertainty and fear caused by the spredd of contamination, with 
no remedy provided, would increase the existing stigma and may 
affect the entire area. Considerable negative publicity could be 
expected. Population growth and economic activity would be 
greatly reduced. Agricultural activities could also be 
threatened by potential concern over the safety of animals or 
crops. 

The fourth alternative, hookup to a water system, would have a 
lesser impact. However, property values would be reduced by t he 
cost of the hookup, at a minimum. This expense could be co~si
derable for properties not close to the water lines and may be 
too large for some owners to pay. It is possible that the 
Whitworth Water District would not be financially able to make 
the system improvements needed to serve the entire area, so that 
water would not be available to all. The stigma and possible 
difficu l ty in selling property due to the public's perception of 
uncertainty would be probably a problem. 

Hany people currently using wells would possibly perceive t he 
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monthly cost of water as a negative impact, since it is signifi
cantly more expensive than well water. However, bein9 on a water 
system does have the benefits of freedom from pump maintenance 
and a potentially more reliable water supply, and these may be 
important for some people. However, the cost of irrigating and 
watering animals with system water could be prohibitive. 

This "no action" alternative places the costs of remediation at 
the lowest level where it is borne entirely by the individual 
property owners. This policy would cause the greatest negative 
economic impact on a relatively small group of people not speci
fically involved in creating the problem and may be perceived as 
unjust by the general public as wel 1 as by the property owners 
themselves. 

Alternate Water System 

The extension of an alternate water system would have more com
plex impacts. 

Again, the most severe impact would be on property values. As 
noted above, there is evidence that the presence of contamination 
and the uncertainty caused by its continuing migration has caused 
a stigma to arise around the Colbert area which may have had 
economic impacts, or may such impacts in the future. 

Providing hookups only to residences with more than 200 ppb of 
contamination means that uncertainty and fear could continue. 
The stigma, and any related economic losses, would be congruent 
to the degree of uncertainty. If the public were confident 
that reliable and frequent monitoring would be done and that hook 
ups would be don~ promptly and fairly, the uncertainty might be 
reduced. However, this would require building a high level of 
trust which does not currently exist. A regular process of hook
ups not directly related to contamination would further reduce 
the uncertainty. ln any case, the program needs to be clearly 
explained to the public through an extensive community education 
program. 

This alternative can potentially spread the costs of remedial 
actions over a larger group (probably Spokane County taxpayers or 
refuse utility customers), more directly responsible for the 
problem. However, if hookup fees and Whitworth Water District 
rates were increased to cover the entire cost, the costs would 
still be borne by a relatively small group as in tl1e "no action" 
alternative. However, they would probably be able to spread the 
cost out over a number of years. 

Development may proceed faster within the plume, since water 
hookups would automatically be provided to new houses in that 
area. Developers outside the plume would have to either pay for 
water hookups or provide well water. This difference could 
potentially increase land values inside the plume. 

~ince system water is very expensive for irrigation or livestock 
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use, agricultural uses could be negatively impacted by uncertain
ty regarding the safety of animals and crops. 

Groundwater Treatment 

The groundwater treatment methodologies would have some direct 
impacts on land use because land would be needed for extraction 
and recharge wells, drainfields, sumps and treatment buildings. 
This would require land purchase and easements and would prevent 
some amount of land being used for other purposes. There would 
also be some aesthetic impact from the wells and buildings. 

This alternative would have the least adverse impact on land use, 
population and property values. A well-publicized commitment to 
positive action would, in itself, help relieve the stigma and 
citizen concerns. An active educational campaign would be neces
sary and should be included as part of the proposed remedial 
action. 

However, this alternative includes providing water hookups to 
affected residences, so it involves some of the same problems as 
the alternate water system option. Uncertainty could have nega
tive affects on property values. Residents would need assurance 
of adequate monitoring and prompt hookups during the period 
before the system becomes fully operational. For a successful 
program, people have to be confident that the migration has been 
stopped and that appropriate actions will be taken if it does not 
stop. 

if the system operates as planned and public confidence develops, 
there would probably be positive impacts on property values, and 
population and · land use would develop as currently projected. A 
major public relations program with regular progress reports t o 
the community will be necessary to convince the public of the 
program's efficacy. 

However, if remediation does not succeed as planned, or if the 
public does not perceive it as successful, the land use and 
economic impacts would be similar to those described above for 
the alternate water system alternative. 
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TYPE OF CONTAMINANTS 

Molecular 
Weight 

Symbol Chemical Name Formula (lb-moles) 

1 , 1 , 1-TCA 1, 1, 1-trichloroethanelf CH}C 13 133.41 
1 , 1-DCE 1, 1-dichloroethylene CHlC1 2 96. 95 

1, 1-DCA 1, 1-dichloroethane CH 3CHC1 2 93.96 
TCE trichloroethylene CHC1CC1 2 131 . 39 
PCE tetrachloroethylene£i CC llC 12 165.83 
MC methylene chloride.!./ CH 2c1 2 84.93 

1/ Excluded as a volatile organic compound (VOC) under WAC 173-403; 
the remaining compounds are classified as VOCs. 

2/ Also commonly referred to as perchloroethylene 

Assumptions 

3350a 

Assume 100 percent removal so that all of contaminants in the 
water exit in the exhaust gas. 

28.6 cf111 of air/ gpm H2o as calculated from 4,000 cf;;i air/ 140 
gpm H2o from Golder letter to WDOE, ref. 843-1351, 
September 25, 1985. 

Ideal gas law PV = nRT, P = 1 atm. Therefore, V = nRT assume 

reference temperature of 77 °F then V = n(0./302 ft 3/l b-rnole 
0 R)(460 + 77 °F) = n(392. 12) 

F-1 
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Given Data all concentrations in ppb (parts per billion) 

Compound North Field 

1,1,1-TCA 1,900 

l, 1-DCE 100 

l, 1-DCA 100 

TCE 2.5 
PCE 4 

MC 630 

gpmY 1700 

1/ Worst case values. 

EMISSIONS FROM NORTH WELL FIELD 

Air Volume 

South Field 
W/0 Recharge 

420 

10 

210 

21 

200 

South Field 
W/Recharge 

270 
7 

135 

14 

320 

(1,700 gpm) (28.6 cfm of air/ gpm H20) = 48,620 cfm@ 77F 

Volume of Contaminants 

(1700)(1 ft 3/ 7.4805 gallons)(62.4 lbs/ft 3) = 14,180 lbs/min H2o 
then (14,180 lbs/min)(ppb concentration of contarninant) / (1 x 109) = 
lbs/min of contaminants then (lbs/min of contarninant) / n = lb-moles 
where n= lbs/lb-mole of contaminants then use v = n(392. 12) to get 

volume in ft 3/ min of contaminate. 

3350a 
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Calculation Summary 

Concentra
Compound tion, ppb 

1 , 1 , 1-TCA 1,900 

l, 1-DCE 100 

l, 1-DCA 100 
TCE 25 
PCE 4 

MYCH 630 

Total 

Volume 
Rate, 
ft3/min 

0.07918 
0.00574 

0.00563 
0.00104 
0.00014 
0.04123 

EMISSIONS SOUTH FIELD W/ 0 RECHARGE 

Air Volume 

Concentra
tion at 
Exhaust, 
ppb(v/v) 

1,630 
120 

116 
21 
3 

848 

Emission 
Rate, 
1 bs/ min 

0.02694 
0.00142 

o.00142 
0..00035 
0.00006 
0.008'93 

(200 gpm)(28.6 cfm of air/ gpm H20) = 5,720 cfm @ 77°F 

Volume of Contaminants 

Pollutant 
( Tons Per 
Year) 

7 .-1 
.4 

.4 

. 1 
0.0 

2.3 

10.3 

(200 gpm) ( l ft 3/ 7.4805 gallons) (62.4 lbs/ ft 3) = 1,670 l bs/l.1in H2o 
then as above. 

3350a 
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Ca lcu 1 at ion Summary 

Concentra-
Concentra- Emission Volume Rate, tion at 

Compound tion, ppb Rate, 1 bs/ min ft3/min Exhaust, ppb 

1, 1, 1-TCA 420 0.000701 0.00206 360 

1, 1-DCE 10 0.000017 0.00007 12 
1,1-DCA 210 0.000351 0.00139 243 

TCE 21 0.000035 0.00010 17 

EMISSIONS SOUTH FIELD W/RECHARGE 

Air Volume 

(320 gpm)(28.6 cfm of air/gpm H2o) = 9,150 cfm @ 77°F 

Volume of Contaminants 

(320 gpm)(l ft 3/ 7.4805 gallons)(62.4 lbs/ft 3) = 2,670 lbs/lilin H2o 

3350a 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Calculation Summary 

Compound 

1 , 1 , 1- TCA 

1, 1-DCE 
1, 1-DCA 

TCE 
PCE 

MYCH 

Tota 1 

Volume 
Concentra- Rate, 
tion, ppb ft3/min 

1,900 0.07918 

100 0.00574 
100 0.00563 

25 0.00104 
4 0.00014 

630 0.04123 

EMISSIONS SOUTH FIELD W/0 RECHARGE 

Air Volume 

Concentra
tion at 
Exhaust, 
ppb(v/v) 

1,630 
120 
116 

21 
3 

848 

Emission 
Rate, 
lbs/min 

0.02694 
0.00142 
0.00142 
0.00035 
0.00006 

0.00893 

(200 gpm)(28.6 cfm of air/gpm H2o) = 5,720 cfm@ 77 °F 

Volume of Contaminants 

Pollutant 
(Tons Per 
Year) 

7. 1 
.4 
.4 
. 1 

0.0 
2.3 

10.3 

(200 gpm)(l ft 3/ 7.4805 gallons)(62.4 lbs/ft3) = 1,670 lbs/ min H2o 
then as above. 

3350a 
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3350a 

APPENDIX G 

DETAILED BREAKDOWN OF COST ESTIMATES 
FOR FINAL CANDIDATE ALTERNATIVES 



I 
I TABLE G-1.1.1 

SOUTH INTERCEPTOR WELL SYSTEM CAPITAL COSTS 

I No. of Sub 

I 
Item Unit Cost Uni ts/Well Wells Costs Totals 

I 
Construction Management 
- Labor and expenses $600/day 6 days 8 $28,800 

$28,800 

I Well Installation 

- Borehole advancewent $1,900/day 2 days 8 $30,400 

I - Well construction $1,900/day 1 day 8 $15,200 
- Well development $1, 900/day 1 day 8 $15,200 

I $60,800 
Well Materials 

- 8-in. steel casing $13/ft 100 ft 8 $10 ,400 

I - 8-in. stainless screen $90/ft 5 ft 8 $3,600 
- K-Packer $100/each 1 8 $800 

I - Pump House $1,000/each 1 8 $8,000 
- 0.75-in. PVC $0.15/ft 100 ft 8 $120 

I - Bentonitic cement $10/ft3 10 ft3 8 $800 
$23,700 

I 
Pump Installation 

- Installation $1,000/day 2 days 8 $16,000 

$16,000 

I Pump System 

- Pump and accessories $2,000/each 1 8 $16,000 

I - Pump support $300/each 1 8 $2,400 
- Discharge line $1. 50/ft 100 ft 8 $1,200 

I - Check valve $40/each 2 8 $640 
- High/low liquid system $200/each 1 8 $1,600 

I 
- Gate valve $50/each 1 8 $400 
- Flow meter $200/each 1 8 $1,600 

I 
$23,800 

Total $153,000 

I 8431360008/FS RPT/TABL-Gl/COL4/1186 

I G-1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 1.1. 2 

SOUTH MONITORING WELLS CAPITAL COSTS 

No. of 
Item Unit Cost Units/Well Wells 

Construction Management 
- Labor and expenses $600/day 3. 75 days 3 

Well Installation 

- Borehole advancement $1,900/day 2 days 3 
- Well construction $1,900/day 1.5 days 3 
- Well development $1, 900/day 0. 25 day 3 

Well Materials 

- 2-in. PVC casing $2.50/ft 100 3 
- 2-in. PVC screen $40/each 1 3 
- Sand/gravel pack Sl0/ft3 3 ft3 3 
- Bentonitic cement $10/ft3 20 ft3 3 
- Bentonite pellets $100/ft3 0.5 ft3 3 
- Protective monument $200/each 1 3 

Total 

8431360008/FS RPT/TABL-G2/COL4/1186 

G-2 

Sub 
Costs Totals 

$6,750 

$6,800 

$11,400 
$8,550 
$1,425 

$21,400 

$750 
$120 
$90 

$600 

$150 
$600 

$2,JOO 

$30,500 



I 
I TABLE G-1.1. 3 

I SOUTH RECHARGE WELL SYSTEM CAPITAL COSTS 

I No. of Sub 
Item Unit Cost Units/Well Wells Costs Totals 

I Construction Management 
- Labor and expenses $600/day 5 days 8 $24,000 

I $24,000 
Well Installation 

I - Borehole advancement $1, 900/day 2 days 8 $30,400 
- Wel 1 construction $1,900/day 2 day 8 $30,400 

I - Well development $1, 900/day 1 day 8 $15,200 

$76,000 

I 
Well Materials 
- 8-in. steel casing $13/ft 100 ft 8 $10,400 
- 8-in. stainless screen $90/ft 10 ft 8 $7,200 

I - K-Packer $100/each 1 8 $800 
- Pump House $1,000/each 1 8 $8,000 

I - 0.75-in. PVC $0.15/ft 100 ft 8 $120 
- Bentonitic cement $10/ft3 10 8 $800 

I - 2-in. galvanized recharge 1 i ne $1. 5/ft 100 8 $1,200 

$28,500 

I 
Recharge System 
- Battery $200/each 1 8 $1,600 
- Manual and automatic gate valve $200/each 1 8 $1,600 

I - Flow meter $200/each 1 8 $1,600 

$4,800 

I Total $133,000 

I 
I 

8431360008/FS RPT/TABL-G3/COL4/1186 

I 
I G-3 
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TABLE G-1.2.1 

I WEST INTERCEPTOR WELL SYSTEM CAPITAL COSTS 

I 
No. of Sub 

Item Unit Cost Units/Well Wells Costs Totals 

I Construction Management 
- Labor and expenses $600/day 11 days 10 $66,000 

I $66,000 
Well Installation 

I 
- Borehole advancement $1,900/day 5 days 10 $95,000 

- Well construction $1,900/day 2 days 10 $38,000 
- Well development $1,900/day 1 day 10 $19,000 

I $152,000 
Well Materials 

I - 8-in. steel casing $13/ft 300 ft 10 $39,000 
- 8-in. stainless screen $90/ft 10 ft 10 $9,000 

I - K-Packer $100/each 1 10 $1,000 
- Pump house $1,000/each 1 10 $10,000 

I 
- 0.75-in. PVC $0.15/ft 250 ft 10 $375 
- Bentonitic cement $10/ft3 10 ft3 10 $1,000 

$60,400 

I Pump Installation 
- Ins ta 11 at ion $1,000/day 3 10 $30,000 

I $30,000 
Pump System 

I - Pump and accessories $4,400/each 1 10 $44,000 
- Pump support $300/each 1 10 $3,000 

I 
- Discharge 1 i ne $4/ft 250 ft 10 $10,000 
- Check valve $120/each 2 10 $2,400 
- High/low liquid system $200/each 1 10 $2,000 

I - Gate valve $150/each 1 10 $1,500 
- Flow meter $400/each 1 10 $4,000 

I $66,900 

I Total $375,000 

I 8431360008/FS RPT/TABL-G4/COL4/1186 
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TABLE G-1.2.2 

WEST MONITORING SYSTEM CAPITAL COSTS 

No. of 
Item Unit Cost Uni ts/Well We l ls 

Construction Management 
- Labor and expenses $600/day 1.5 days 4 

Well Installation 
- Borehole advancement $1,200/day a. 5 day 4 
- Well construction $1,200/day 0. 7 5 day 4 
- Well development $1,200/day 0.25 day 4 

Well Materials 
- 2-in. PVC casing $2.50/ft 40 ft 4 
- 2-in. PVC screen $120/each 1 4 
- Sand/gravel pack $10/ft3 3 ft3 4 
- Bentonitic cement $10/ft3 10 ft3 4 
- Bentonite pellets $100/ft3 o. 5 ft3 4 
- Protective monument $200/each 1 4 

Total 

8431360008/FS RPT/TABL-G5/COL4/1186 
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Sub 
Cost Totals 

$3,600 
$3,600 

$2,400 
$3,600 
$1,200 

$7,200 

$400 
$480 
$120 
$400 
$200 
$800 

$2,400 

$13,200 



I 
TABLE G-1. 3 

I EAST EXTRACTION WELL SYSTEM CAPITAL COSTS 

I No. of Sub 
Item Unit Cost Units/Well Wel 1 s Costs Totals 

I Construction Management 
- Labor and expenses $600/day 7 .5 days 12 $54,000 

I $54,000 
Well Installation 

I 
- Borehole advancement $1, 900/day 2. 5 days 12 $57,000 
- Wel 1 construction $1,900/day 1. 5 days 12 $34,200 
- Well development $1,900/day 1 day 12 $22,800 

I $114,000 
Well Materials 

I - 8-in. steel casing $13/ft 180 ft 12 $28,080 
- 8-in. stainless screen $90/ft 5 ft 12 $5,400 

I - K-Packer $100/each 1 12 $1,200 
- Pump house $1,000/each 1 12 $12,000 

I 
- 0.75-in. PVC $0.15/ft 180 ft 12 $320 
- Bentonitic cement $10/ft3 10 ft3 12 $1,200 

I 
$48,200 

Pump Installition 
- Installation $1,000/day 2. 5 days 12 $30,000 

• $30,000 
Pump System 

I - Pump and accessories $2,600/each 1 12 $31,200 
- Pump support $300/each 1 12 $3,600 

I 
- Discharge line $2/ft 180 ft 12 $4,320 
- Check valve $70/each 2 12 $1,680 
- High/low liquid system $200/each 1 12 $2,400 

I - Gate valve $100/each 1 12 $1,200 
- Flow meter $200/each 1 12 $2,400 

I $46,800 

I Total $293,000 

I 8431360008/FS RPT/TABL-G6/COL4/1186 
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Item 

Management 

Work Plan 

Bid Package 

Hydraulic Testing 

Final Design 

System Start-up 

Total 

TABLE G-1. 4 

ENGINEERING LABOR COST ESTIMATES 
FOR THE WELL SYSTEMS 

South West 
System System 

$20,000 $25,000 

$ 7,000 $ 8,000 

$ 8,000 $ 8,000 

$20,000 $25,000 

$20,000 $25,000 

$10,000 $10,000 

$85,000 $101,000 

8431360008/FS RPT/TABL-G7/COL4/1186 
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East 
System 

$15,000 

$ 6,000 

$ 5,000 

$10,000 

$10,000 

$ 5,000 

$51,000 
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--- ------ ---
South 

Item 
System 

(without recharge) 

-----
Replacement of Wells 30 years 

Replacement of Pump System 5 years 

Power Consumpttona $6.300/year 

Ground Water Honitoringb $18, 900/year 

Maintenance N/Ae 

TABLE G- 1.5 

OPERATION ANO MAINTENANCE 
FOR THE WELL SYSTEMS 

South 
System 

(with recharge) 

------
30 years 

5 years 

$9.500/year 

$18, 900/year 

$8,000/yeard 

West 
System 

(operated alone) 

30 years 

5 years 

$59.200/year 

$25. 900/year 

N/Ae 

West 
System 

(operated tn conjunction 
with East System) 

30 years 

5 years 

$47 .400/year 

$25, 900/year 

N/Ae 

East 
System 

30_years 

5 years 

$23,700/year 

N/Ac 

N/Ae 

'P Notes: a) Operational costs assume a cost of $0.06 per kilowatt hour. 
CX) 

b) Cost assumes 175 dollars per well sampled per sampling period. cost includes a local technician sampling. 
analyses, data review, and data management. Each well ts assumed to be sa111pled four times per year. 

c) Not Applicable - Ground Water 110nitortng is not required for this system because it will be operated in 
conjunction with the west system. 

d) Semi - annual ma i ntenance of the recharge wells are assumed for btoto accumulation on the screen. Each well ts 
assumed to take 0.5 days for cleaning and backflushtng at a rate of $1,000/day for crew, equtp111ent and pump. 

e) Not Applicable - Maintenance cost contained in the replacement of the system. 

8431360008/fS RPT/TABL-G8/COL4/1186 
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I 
I TABLE G-2 .1 

CAPITAL COST ESTIMATES 

• GROUNDWATER COLLECTION MANIFOLD 
SOUTHERN SYSTEM, NO RECHARGE 

I Remediation Feature Quantity Unit Cost Total 

t Direct Costs 

3-inch PVC 3,000 ft $9.25/ft $27,800 

I 
Schedule 80 Trenching; 
Piping and Pipe Assembly 
Fittings and Laying; 

Backfi 11 

I Crushed Rock 222 yd3 $10.00/yd3 $2,200 
Backfill 

I Roadway Jacking Highway 2: 60 ft $ 300/ft $18,000 
Yale Road : 40 ft $ 200/ft $8,000 

I Easements; Lump sum $5,000 $5,000 
Yard Repair 

I Tota 1 , Direct $61,000 
Costs 

I Indirect Costs: 

' 
Contingency 5 percent of $61,000 $3,050 

Direct Costs 

Engineering; 5 percent of $61,000 $3,050 

• Design Direct Costs 

Administration; 5 percent of $61 , 000 $3, 050 

• Inspection Direct Costs 

State Sales Tax 7.55 percent of $64,050 $4,840 
Construction Cost 

I 
I 

Tota 1 , Indirect Costs $14,000 

I TOTAL, CAPITAL COST $75,000 

I 
I 

4364a 
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I 
I TABLE G-2.2 

CAPITAL COST ESTIMATES 

I GROUNDWATER COLLECTION SYSTEM --
SOUTHERN SYSTEM, WITH RECHARGE 

I Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

4-inch PVC $10.50/ft $31,500 3,000 ft 

• Schedule 80 Trenching; 
Piping and Pipe Assembly 
Fittings and Laying; 

I 
Backfil 1 

Crushed Rock 222 yd3 $10 .00/yd3 $2,200 
Backfi 11 

i Roadway Jacking Highway 2: $300/ft $18,000 
60 ft 

I Yale Road: 40 ft $200/ft $8,000 
. 

Easements; Lump sum $5,000 $5,000 

I Yard Repair 

I Total, Direct $64,700 
Costs 

I 
Indirect Costs: 

Contingency 5 percent of $64,700 $3,240 
Direct Costs 

I State Sal es Tax 7.55 percent $68,000 $5, 130 
of Construction Cost 

I Engineering; 5 percent of $64,700 $3,240 
Design Direct Costs 

I Administration; 5 percent of $64,700 $3,240 
Inspection Direct Costs 

I Total, Indirect Costs $14,850 

I 
I 

TOTAL, CAPITAL COST $80,000 

I 4364a 
G-10 



I_ 
I TABLE G-2.3 

CAPITAL COST ESTIMATES 

I GROUNDWATER COLLECTION SYSTEM 
WESTERN AREA 

I Remediation Feature Quantity Unit Cost Total 

• Direct Costs 

I 8-inch, 4,000 ft $15 .00/ ft $60,000 
Schedule 80 
PVC Pipe and Fittings 

I Crushed Rock 296 yd3 $10. 00/ yd3 $2,960 
Backfi 11 

I Roadway Jacking Elk-Chattaroy $200/ ft $8,000 
Road: 40 ft 

I Total, Direct $70,960 
Costs 

I Indirect Costs 

- Contingency 5 percent of $70,960 $3,550 

I Direct Costs 

Sales Tax 7.55 percent $74,500 $5,620 

• of Construction Cost 

Engineering; 5 percent of $70,960 $3,550 
Design Direct Costs 

I Administration; 5 percent of $70,960 $3,550 
Inspection Direct Costs 

• Tota 1 , Indirect $16,280 

I 
Costs 

I TOTAL, CAPITAL COST $87,240 

I 
I 

LI 
4364a 
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I 
I TABLE G-2.4 

CAPITAL COST ESTIMATES 
GROUNDWATER COLLECTION MANIFOLD 

I EASTERN SYSTEM 

I Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs 

6-inch, 5,250 ft $12.00/ft $63,000 
Schedule 80 

I PVC Pipe and 
Fittings 

I 8-inch, 3,000 ft $15.00/ft $45,000 
Schedule 80 PVC 

I 
Pipe and Fittings 

I Crushed Rock 610 yd3 $10.00/yd3 $6,100 
Backfi 11 

I 
Roadway Jacking Ya le Road: $ 200/ft $8,000 

40 ft 
Big Meadows $ 200/ft $8,000 
Road: 40 ft 

I Easements; Lump Sum $ 5,000 $5,000 
Yard Repair 

i Total, Direct $135,100 

I 
Costs 

Indirect Costs 

I Contingency 5 percent of $135,100 $6,760 
Direct Costs 

I 
Sales Tax 7.55 percent $141,900 $10,700 

Engineering; 5 percent of $135,100 $6,760 

I 
Design Direct Costs 

Administration; 5 percent of $135,100 $6,760 
Inspect ion Direct Costs 

I 
I 

4364a 
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I TABLE G-2.4 (Continued) 
CAPITAL COST ESTIMATES 

I 
GROUNDWATER COLLECTION MANIFOLD 

EASTERN SYSTEM 

I Remediation Feature Quantity Unit Cost Total 

I 
Total, Indirect $31,000 

Costs 

I TOTAL, CAPITAL COST $166,100 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4364a 
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I 
I TABLE G-3.1.1 (al 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING - SOUTHERN AREA, NO RECHARGE 

Remediation 

I 
Feature Quantity Unit Cost Total 

Direct Costs 

I Air Stripping Tower 1 $28,000 $28,000 

I 
Packing Material l 06 ft3 $10.00/ft3 $1 , 060 

Air Blower, Motor, $1,565 $1,565 
and Appurtenances 

I 6,000 cfm 

Air Preheater; $1,500 $1,500 

I 
Gas Piping 

Ductwork 2,000 1 b. $3.00/ lb. $6,000 

I Flexible Connector l $500 $500 

Sumps, 1,000 gallon 2 $1 , 425 $2,850 

I Pumps, 3.3 HP, 2 $2, 180 $4,360 
Centrifugal, Fiberglass 

I 4-inch Schedule 80 100 ft . $10.00/ft $1 ,000 
PVC Piping and 

I 
Appurtenances 

Valves, 4" Cast Iron 4 $320 $1,280 

I Preengineered Steel $26,300 $26,300 
Building and Founda-
tion, Complete 

I Stripping Tower $890 $890 
Foundation 

I Electrical, Materials Lump Sum $13,000 $13,000 
and Hookup 

I 
I 
I 
I 

4364a 
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I 
I TABLE G-3.l.l (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING - SOUTHERN AREA, NO RECHARGE 

Remediation Feature Quantity Unit Cost Total 

I 
Installation and Lump Sum $15,000 $15,000 

I Assembly 

Shipping Lump Sum $5,000 $5,000 

I 
Total, Direct Costs $108,300 

I Indirect Costs 

I 
Contingency 10 percent of $108,300 $10,800 

Direct Costs 

I 
State Sales Tax 7.55 percent $119,100 $9,000 

of Construe-
t ion Cost 

I Engineering; Design; 12 percent of $108,300 $13,000 
Pilot Tests Direct Costs 

I 
Administration; 5 percent of $108,300 $5,400 

Inspect ion Direct Costs 

Permitting l Percent $108,300 $1 , l 00 

I of Direct Costs 

Shakedown 2 Percent $108,300 $2,200 

I of Direct Cos ts 

I Tota 1, Indirect Costs $41 , 500 

I TOTAL, CAPITAL COSTS $149,800 

I 
I 
I 
I 

4364a 
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TABLE G-3.1.1 (b) 
OPERATION AND MAINTENANCE COSTS ESTIMATES 

AIR STRIPPING - SOUTHERN AREA, NO RECHARGE 

Operation or 
Maintenance 
Requirement 

Electricity 

Water Samplings 

Hypochlorite 
Treatment of Tower 

Equipment Replacement: 
Pumps) 

Other 

Blower Servicing 

Propane for Air 
Preheater; 
Tank Ren ta 1 

Inspection and Main-
tenance 

Basis of Cost 

19.5 kW Continuous; 
$0.06 kW hr. 

2 samples/day 
during first 2 
weeks; 2/month 
thereafter; $175 sample 

Cost 
Estimate 

$10,250/yr 

$8,925 
$4,200/yr 

$100/Treatment; $1 ,200/yr 
1 /month 

Replace 1 every five $2,100 
years 

Estimate $800 yr 

Quote for Rebalancing $1,000 

5,000 gal/yr 
$0. 91 9 gal ; 
$65/yr Rental fee 

One day; once/week; 
$200/day 

$4,660 yr 

$10,400 yr 

Total, Operation and Maintenace Costs $31,500 
$4,725 
$2, l 00 
$1,000 

Present Worth: 

4364a 

10 Percent 
7 Percent 
4 Percent 

G-16 

$307,000 
$403,000 
$561,000 

Years 
Incurred 

1-30 

l 
2-30 

1-30 

5,10,15,20, 
25 

1-30 

15 

1-30 

1-30 

1-30 
1 
5,10,15,20,25 
1 5 



I 
I TABLE G-3.l .2 (a) 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING - SOUTHERN AREA, WITH RECHARGE 

Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs 

I Air Stripping Tower 1 $34,000 $34,000 

I 
Packing Material 214 ft3 $10.00/ft3 $2, 140 

Air Blower, Motor, $1,990 $1,990 
and Appurtenances 

I 9,200 cfm 

Ductwork 2,200 lb. $3 .00/lb. $6,600 

I Flexible Connector $500 $500 

Air Preheater; l $1,500 $1 , 500 

I Propane Supply 
Equipment 

I Sums, 1,500 gallon 2 $1,805 $3,610 

Pumps, 5 HP, 2 $2,440 $4,880 

I 
Centrifugal, Fiberglass 

6" Schedule 80 PVC Piping 100 ft . $12 .00/ft. $1 , 200 
and Approtenances 

I Valves, 6" Cast Iron 4 $600 $2,400 

I Preengineered Steel 1 $26,300 $26,300 
Building and Founda-
tion; Complete 

I Stripping Tower l $1 , 125 $1 , 125 
Foundation 

I Electrical, Materials Lump Sum $17,200 $17,200 
and Hookup 

I 
I 
I 
I 
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I TABLE G-3.1 .2 (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING - SOUTHERN AREA, WITH RECHARGE 

Remediation Feature Quantity Unit Cost Total 

I 
Installation and Lump Sum $15,000 $15,000 

I 
Assembly 

Shipping Lump Sum $5,000 $5,000 

I 
Total, Direct Costs $123,400 

I Indirect Costs 

I 
Contingency 10 percent of $123,400 $12,300 

Direct Costs 

State Sales Tax 7.55 percent $135,700 $10,250 

I of Construe-
tion Cost 

I . Engineering; Design; 12 percent of $123,400 $14,800 
Pilot Studies Direct Costs 

I 
Administration; 5 percent of $123,400 $6,200 

Inspection Direct Costs 

Permitting 1 Percent $123,400 $1 ,200 

I of Direct Costs 

Shakedown 2 Percent $123,400 $2,500 

I 
of Direct Costs 

I Tota 1 , Indirect Costs $47,250 

I TOTAL, CAP IT AL COSTS $171,000 

I 
I 
I 

4364a 
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TABLE G-3.1 .2 (b) 
OPERATION AND MAINTENANCE COSTS ESTIMATES 

AIR STRIPPING - SOUTHERN AREA, WITH RECHARGE 

Operation or 
Maintenance 
Requirement 

El ectri city 

Water Sampling and 
Analysis 

Hypochlorite 
Treatment of Tower 

Equipment Replacement: 

Pumps 

Other 

Blower Servicing 

Propane for Air 
Preheater; 
Tank Ren ta 1 

Inspection and 
Maintenance 

Basis of Cost 

28 kW continuous; 
to 0.06/kW hr. 

2 samples/day for 
first 2 weeks; 
2/month thereafter 
$175/sample 

$100/treatment, 
1/month 

Replace one every 
5 years 

Estimate 

Cost 
Estimate 

$14, 700/yr 

$8,925 
$4,200/yr 

$1,200 yr 

$2,400 

$1 ,000/yr 

Quote for rebalancing $1,000 

8,000 gal/yr 
$0.90/gal; 
$65/yr rental fee 

One day; 
1 week; 
$200/day 

$7,300/yr 

$10,400/yr 

Total, Operation and Maintenace Costs $38,800 
$4,725 
$2,400 
$1,000 

Present Worth: 

4364a 

10 Percent 
7 Percent 
4 Percent 
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$376,000 
$494,000 
$688,000 

Years 
Incurred 

1-30 

1 
2-30 

1-30 

5, 10, 15, 
20, 25 

1-30 

15 

1-30 

1-30 

1-30 
1 
5,10,15,20,25 
15 
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TABLE G-3.1.3 (a) 
CAPITAL COST ESTIMATES 

AIR STRIPPING - WESTERN AREA 

Remediation Feature Quantity 

Direct Costs 

Air Stripping Tower 

Packing Material 3,140 ft3 

Air Blower, Motor, 1 
and Appurtenances 
8,700 cfm 

Ductwork 2,500 lb. 

Flexible Connector 1 

Air Preheater; 1 
Propane Supply 
Equipment 

Sumps, 6,500 gallon 2 

Pumps, 25 HP, 2 
Centrifugal, Fiberglass 

10-Inch PVC 100 ft. 
Pipe and Appurtenances 

10-Inch Cast Iron Valves 4 

Preengineered Steel 
Building and Founda
tion; Complete 

Stripping Tower 
Foundation 

Electrical, Materials 
and Hookup 

Lump Sum 

4364a 
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Unit Cost 

$93,000 

$10.00/ft3 

$1,960 

$3.00/lb. 

$500 

$2,200 

$5,000 

$5,575 

$19.00/ft. 

$1,050 

$57,300 

$2,000 

$24,900 

Total 

$93,000 

$31,400 

$1,960 

$7,500 

$500 

$2,200 

$10,000 

$11,150 

$1 , 900 

$4,200 

$57,300 

$2,000 

$24,900 
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Remediation Feature 

Installation and 
Assembly 

Shipping 

Total, Direct Costs 

Indirect Costs 

Contingency 

State Sales Tax 

Engineering; Design; 
Pilot Studies 

Administration; 
Inspect ion 

Permitting 

Shakedown 

Total, Ind irect Costs 

TOTAL, CAPITAL COSTS 

4364a 

TABLE G-3.1.3 (a) (Continued) 
CAPITAL COST ESTIMATES 

AIR STRIPPING - WESTERN AREA 

Quantity Unit Cost 

Lump Sum $18,000 

Lump Sum $6,500 

10 percent of $272,500 
Direct Costs 

7.55 percent $299,800 
of Construe-
tion Cost 

12 percent of $272,500 
Direct Costs 

5 percent of $272,500 
Direct Costs 

1 Percent $272,500 
of Direct Costs 

2 Percent $272,500 
of Direct Costs 

G-21 

Total 

$18,000 

$6,500 

$272,500 

$27,250 

$22,630 

$32,700 

$13,620 

$2,725 

$5,450 

$104,400 

$377,000 

' 
I 

J 
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I TABLE G-3.l .3 (b) 

OPERATION AND MAINTENANCE COSTS ESTIMATES 

I 
AIR STRIPPING - WESTERN AREA 

Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I Electricity 44 kW continuous; $23, l 00/yr 1-30 · 
$0.06/kW hr. 

I Water Sampling and $175/sample; $8,925 l 
Analysis 2 samples/day; $4,200/yr 2-30 

first 2 weeks; 

I 2/month thereafter 

Hypochlorite $100/treatment, $1 ,200/yr 1-30 

I 
Treatment of Tower l /month 

Equipment Replacement: 

I Pumps Replace one every $5,400 5,10,15,20, 
5 years 25 

I 
Other Estimate $1 ,800/yr 1-30 

Blower Servicing Quote for rebalancing $1,000 15 

I Propane for Air 32,500 gal/yr $7 ,475/yr 1-30 
Preheater; $0.82/gal.; 
Tank Rental $65/yr rental fee 

I Inspection and One day; $10,400/yr 1-30 
Maintenance l /week; 

I 
$200/day 

I Total, Operation and Maintenance Costs $48,175 1-30 
$4,725 1 
$5,400 5,10,15,20,25 

I 
$1,000 15 

Present Worth: 

I 10 Percent $469,000 
7 Percent $616,000 
4 Percent $859,000 

I 
I 

4364a 
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TABLE G-3. 1.4 (a) 
CAPITAL COST ESTIMATES 

AIR STRIPPING - EASTERN AREA 

Remediation Feature Quantity 

Direct Costs 

1 Air Stripping Tower 

Packing Material 

Air Blower, Motor, 

1, T 50 f t3 

and Appurtenances 
4,000 cfm 

Ductwork 2,200 lb. 

Flexible Connector 1 

Air Preheater; 1 
Propane Supply 
Equipment 

Sumps, 3,000 gallon 2 

Pumps, 10 HP, 2 
Centrifugal, Fiberglass 

8-Inch PVC 100 ft. 
Pipe and Appurtenances 

8-Inch Cast Iron 4 
Valves 

Preengineered Steel 1 
Building and Founda
tion; Complete 

Stripping Tower 1 
Foundation 

Electrical, Materials Lump Sum 
and Hookup 

4364a 
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Unit Cost 

$47,000 

$10.00/ft3 

$1,200 

$3.00/lb. 

$500 

$2,100 

$3,260 

$4,000 

$15.00/ft. 

$800 

$57,300 

$1 , 390 

$12,000 

Total 

$70,000 

$11,500 

$1,200 

$6,600 

$500 

$2,100 

$6,520 

$8,000 

$1,500 

$3,200 

$57,300 

$1 , 390 

$12,000 
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I 
I TABLE G-3.1.4 (a) (Continued) 

CAPITAL COST ESTIMATES 
AIR STRIPPING - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

I Installation and Lump Sum $16,000 $16,000 

I 
Assembly 

Shipping Lump Sum $6,000 $6,000 

I Total, Direct Costs $203,800 

I Indirect Costs 

Contingency 10 percent of $203,800 $20,400 

I Direct Costs 

State Sales Tax 7.55 percent $224,200 $16,900 

I 
of Construe -
tion Cost 

Engineering; Design; 12 percent of $203,800 $24,500 

I Pilot Studies Direct Costs 

Administration; 5 percent of $203,800 $10,200 

I Inspection Direct Costs 

Permitting l Percent $203,800 $2,040 

I 
of Direct Costs 

Shakedown 2 Percent $203,800 $4,080 
of Direct Costs 

I 
I 

Total, Indirect Costs $78,100 

TOTAL, CAPITAL COSTS $282,000 

I 
I 
I 
I 

4364a 
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TABLE G-3. 1.4 (b) 
OPERATION AND MAINTENANCE COSTS ESTIMATES 

AIR STRIPPING - EASTERN AREA 

Operation or 
Maintenance 
Requirement 

Electricity 

Water Sampling and 
Analysis 

Hypochlorite 
Treatment of Tower 

Equipment Replacement: 

Pumps 

Other 

Blower Servicing 

Propane for Air 
Preheater; 
Tank Renta 1 

Inspection and 
Maintenance 

Basis of Cost 

22.5 kW continuous; 
$0.06/kW hr. 

$175 sample; 
2 samples day; 
first 2 weeks; 
2 month thereafter 

$100/treatment, 
1/month 

Cost 
Estimate 

$11,800/yr 

$8,925 
$4,200/yr 

$1, 200/yr 

Replace one every $4,000 
5 years 

Estimate $1,500/yr 

Quote for rebalancing $1,000 

3,000 gal/yr $2,825/yr 
$0. 92/ga 1.; 
$65/yr rental fee 

One day; $10,400/yr 
1 /week; 
$200/day 

Total, Operation and Maintenace Costs $31,900 
$4,725 
$4,000 

Present Worth: 

4364a 

10 Percent 
7 Percent 
4 Percent 

G-25 

$1,000 

$313,000 
$412,000 
$573,000 

Years 
Incurred 

1-30 

1 
2-30 

1-30 

5 , 10, 1 5 , 20 , 
25 

1-30 

15 

1-30 

1-30 

1-30 
l 
5, 10, 15,20, 
25 
15 



I 
I TABLE G-3.l .5 (a) 

CAPITAL COST ESTIMATES 
AIR STRIPPING - COMBINED WESTERN AND EASTERN AREAS 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Air Stripping Tower l $112,000 $112,000 

Packing Material 4,500 ft3 $10.00/ft3 $45,000 

I Air Blower, Motor, $2,750 $2,750 
and Appurtenances 

I 
12,000 cfm 

Ductwork 3,000 lb. $3.00/lb. $9,000 

I Flexible Connector l $500 $500 

Air Preheater; $2,500 $2,500 

I Propane Supply 
Equipment 

Sumps, 8,500 gallon 2 $5,980 $11 , 960 

I Pumps, 35 HP, 2 $6,800 $1~,600 
Centrifugal, Fiberglass 

I 12-Inch PVC l 00 ft. $22.00/ft. $2,200 
Pipe and Appurtenances 

I 12-Inch Cast Iron 4 $2,000 $8,000 
Valves 

I Pre-engineering Steel l $44,200 $44,200 
Building and Founda-
tion; Complete 

I Stripping Tower $2,700 $2,700 
Foundation 

I Electrical, Materials Lump Sum $31,000 $31,000 
and Hookup 

I 
I 
I 

4364a 
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TABLE G-3.1.5 (a) (Continued) 
CAPITAL COST ESTIMATES 

AIR STRIPPING - COMBINED WESTERN AND EASTERN AREAS 

Remediation Feature 

Installation and 
Assembly 

Shipping 

Total, Direct Costs 

Indirect Costs 

Contingency 

State Sales Tax 

Engineering; Design; 
Pilot Studies 

Administration; 
Inspection 

Permitting 

Shakedown 

Total, Indirect Costs 

TOTAL, CAPITAL COSTS 

4364a 

Quantity Un it Cost 

Lump Sum $20,000 

Lump Sum $7~500 

10 percent of $312,910 
Direct Costs 

7.55 percent $344,200 
of Construe-
tion Cost 

12 percent of $312,910 
Direct Costs 

5 percent of $312,910 
Direct Costs 

1 Percent $312,910 
of Direct Costs 

2 Percent $312,910 
of Direct Costs 

G-27 

Total 

$20,000 

$7,500 

$312,910 

$31,300 

$26,000 

$37,500 

$16,900 

$3,100 

$6,200 

$119,700 

$433,000 
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TABLE G-3. 1.5 (b) 
OPERATION AND MAINTENANCE COSTS ESTIMATES 

AIR STRIPPING - COMBINED WESTERN AND EASTERN AREAS 

Operation or 
Maintenance 
Requirement 

Electricity 

Water Sampling and 
Analysis 

Hypochlorite 
Treatment of Tower 

Equipment Replacement: 

Pumps 

Other 

Blower Servicing 

Propane for Air 
Preheater; 
Tank Rental 

Inspection and 
Maintenance 

Bas is of Cost 

55 kW continuous; 
$0.06/kW hr. 

2 samples/day; 
first 2 weeks; 
2/month thereafter 
$175/sample 

$100/treatment, 
1/month 

Replace one every 
5 years 

Estimate 

Cost 
Estimate 

$28,800/yr 

$8,925 
$4, 200/yr 

$1, 200/yr 

$6,800 

$2,000/yr 

Quote for rebalancing $1,000 

10,500 gal/yr $9,560/yr 
$0.90/gal.; 
$65/yr rental fee 

One day; $10,400/yr 
1 /week; 
$200/day 

Total, Operation and Maintenace Costs $56,160 
$2,625 
$4, 725 

Present Worth: 

4364a 

10 Percent 
7 Percent 
4 Percent 

G-28 

$1,000 

$547,000 
$719,000 
$1,000,000 

Years 
Incurred 

1-30 

1 
2-30 

1-30 

5 , 1 0, 1 5, 20 , 
25 

1-30 

15 

1-30 

1-30 

1-30 
1 
5, 10, 1 5, 20, 
25 
15 



I 
I TABLE G-3.2. l (a) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - SOUTHERN AREA, NO RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Carbon Adsorption 1 $140,000 $140,000 
2-Contacter Unit 

I Sumps, 1,000 gallon 2 $1,425 $2,850 

Pumps, 5 hp, Fiberglass, 2 $2,400 $4,800 

I 
Centrifugal 

4-Inch PVC Piping and 100 ft. $10.00/ft. $1,000 

I 
Appurtenances 

4-Inch Cast Iron Valves 4 $320 $1,280 

I 
Pre-Engineered Steel $72,200 $72,200 

Building; Complete 
35 1 x70 1 x25 1 High 

I Electrical, Materials Lump Sum $7,200 $7,200 
and Hookup 

I Installation: 

Adsorbers 1 Unit $3,500 $3,500 

I Other Lump Sum $3,000 $3,000 

I 
Shipping: 

Adsorbers l Unit $10,000 $10,000 

I Other Lump Sum $2,000 $2,000 

I 
Total, Direct Costs $247,800 

I 
I 
I 

4364a 
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I 
I TABLE G-3.2.1 (a) (Continued) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - SOUTHERN AREA, NO RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 8 Percent of $247,800 $19,800 
Direct Costs 

I State Sales Tax 7.55 Percent $267,600 $20,200 
of Construe-
ti on .Cost 

I Engineering; Design; 8 Percent of $247,800 $19,800 
Pi 1 ot Stu di es Direct Costs 

I Administration; 4 Percent of $247,800 $9,900 
In spec ti on Direct Costs 

I Permitting 0.5 Percent of $247,000 $1,240 
Direct Costs 

I Total, Indirect Costs $70,900 

I TOTAL, CAP ITAL COSTS $319,000 

I 
I 
I 
I 
I 
I 
I 

4364a 
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I 
I TABLE G-3. 2. 1 ( b) 

OPERATION AND MAINTENANCE COST ESTIMATES 
CARBON ADSORPTION - SOUTHERN AREA, NO RECHARGE 

I 
Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Es ti mate Incurred 

I Carbon. Replacement 80,000 lbs/yr; $80,000/yr 1-30 
$1.00/lb 

I Carbon Shipment, 
Round Trip 

4 Shipments; 
$10,000/Shipment 

$40,000/yr 1-30 

I 
Manifesting of Loa& 4 Shipments; $1,600/yr 1-30 

$400/Shipment 

I 
El ectri ca 1 10 kW, Continuous; $5, 300/yr 1-30 

$0.06/kW·hr 

Equipment Replacement: 

I Pumps 1 Pump Rep 1 aced $2,400 5, 10, 15, 
Every 5 Years 20, 25 

I Other Estimate $1 ,000/yr 1-30 

I 
Water Sampling and 2 Samples/Day for $10,100 

Analysis 1st Week; 2 Samples/wk 
for 12 Weeks; $4, 200/yr 2-30 
2 Samples/mo thereafter 

I 
$175/Sample 

Inspection and One Day, 1/week; $10,400/yr 1-30 

I 
$200/day 

Total, Operation and Maintenance Costs $142,500/yr 1-30 

I $5,900 1 
$2,400 5, 10, 1 5 , 

20, 25 

I Present 1,Jorth: 

10 percent $1,352,000 

I 7 percent $1,779,000 
4 percent $2,477,000 

I 
I 

4364a 
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TABLE G-3.2 . 2 {a) 
CAPITAL COST ESTIMATES 

CARBON ADSORPTION - SOUTHERN AREA, WITH RECHARGE 

Remediation Feature Quantity 

Direct Costs 

Carbon Adsorption 
2-Contacter Unit 

Sumps, 1,500 gallon 2 

Pumps, 7 HP, Fiberglass, 2 
Cen tr i fuga 1 

6-Inch PVC Piping and 100 ft. 
Appurtenances 

6-Inch Cast Iron Valves 4 

Pre-Engineered Steel 
Building; Complete 
35'x70'x25 ' High 

Electrical, Materials 
and Hookup 

Lump Sum 

I n s ta 11 at ion : 

Adsorbers 

Other 

Shipping: 

Adsorbers 

Other 

Total, Direct Costs 

4364a 

1 Un it 

Lump Sum 

1 Un it 

Lump Sum 

G-32 

Unit Cost 

$140,000 

$1,800 

$3,000 

$12. 00/ ft. 

$600 

$72,200 

$9,200 

$3,500 

$3,000 

$10,000 

$2,000 

Tota 1 

$140,000 

$3,600 

$6,0UO 

$1 , 200 

$2,400 

$72,200 

$9,200 

$3,500 

$3,000 

$10,000 

$2,000 

$253,100 

-----~ ~ 



I 
I TABLE G-3.2.2 (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
CARBON ADSORPTION - SOUTHERN AREA, WITH RECHARGE 

Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 8 Percent of $253, 100 $20,200 
Direct Costs 

•• State Sales Tax 7.55 Percent $273,300 $20,600 
of Construe-
tion Cost 

I Engineering; Design; 8 Percent of $253,100 $20,200 
Pilot Studies Direct Costs 

I Adm in is tration; 4 Percent of $253,100 $10, 100 
Inspection Direct Costs 

I Permitting 0.5 Percent of $253, 100 $1 , 270 
Direct Costs 

I Tot a 1 , Indirect Costs $72,400 

I TOTAL, CAPITAL COSTS $325,500 

I 
I 
I 
I 
I 
I 
I 

4364a 
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TABLE G-3.2.2 (b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

CARBON ADSORPTION - SOUTHERN AREA, WITH RECHARGE 

Operation or 
Maintena,nce 
Requirement 

Carbon Replacement 

Carbon Shipment, 
Round Trip 

Manifesting of Load 

Electrical 

Equipment Replacement: 

Pumps 

Other 

Water Sampling and 
Analysis 

Inspection and 

Basis of Cost 

100,000 lbs/yr 
$1 .00/lb 

5 Shipments; 
$10,000/Shipment 

5 Shipments; 
$400/Shipment 

11 kW, Continuous; 
$0.06/kW·hr 

l Pump Replaced 
Every 5 Years 

Estimate 

Cost 
Estimate 

$100,000/yr 

$50,000/yr 

$2,000/yr 

$5, 780/yr 

$3,000 

$1 ,000/yr 

2 Samples/Day for $10,100 
1st Week; · 2 Samples/wk 
for 12 Weeks; $4,200/yr 
2 Samples/mo thereafter 

One Day , l /week ; 
$200/day 

$10,400/yr 

Total, Operation and Maintenance Costs $173,400/yr 
$5,900 
$3,000 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-34 

$1,644,000 
$2,163,000 
$3,013,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

5, 10, 15, 
20, 25 

1-30 

2-30 

1-30 

1-30 
l 
5, 10, 15, 
20, 25 



I 
I TABLE G-3.2.3 (a) 

CAPITAL COST ESTIMATES 

,I CARBON ADSORPTION - WESTERN AREA 

Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs 

I Carbon Adsorption, 3 $140,000 $420,000 
2-Contacter Unit 

I Carbon Transfer $25,000 $25,000 
Tank 

I Sumps, 6,500 gallon 2 $5,000 $10,000 

Pumps, 10 HP 6 $3,600 $21,600 _,,._ 
Centrifugual, Fiberglass 

I 8- Inch PVC 300 ft. $15.00/ft. $4,500 

I 
Pipe and Appurtenances 

8-Inch Cast Iron Valves 12 $800 $9,600 

I Pre-engineered Steel $154,800 $154, 800 
Building and Founda-
tion; Complete; 

I 
65' X 90' X 25' high 

Electrical, Materials Lump Sum $20,400 $20,400 
and Hookup 

I I nstallation: 

I 
Adsorbers Lump Sum $8,800 $8,800 

Other Lump Sum $3,000 $3,000 

I Shipping: 

Absorbers 3 $10,000 $30,000 

I Other Lump Sum $ 2, 500 $2,500 

I Total, Direct Costs $710,200 

I 
I 
I 

4364a 
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I 
I TABLE G-3.2.3 (a) (Continued) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - WESTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total --· I Indirect Costs 

I Contingency 8 percent of $710,200 $56,800 
Direct Costs 

I State Sa 1 es Tax 7.55 percent $767,000 $57,900 
of Construe-
tion Cost 

I Engineering; Design 5 percent of $710,200 $35,500 
Direct Costs 

I Administration; 4 percent of $710,200 $28,400 
Inspect ion Direct Cost 

I Permitting 0.5 percent $710,200 $3,550 
of Direct Cost 

I Total, Indirect Costs $182,200 

I TOTAL, CAPITAL COSTS $892,000 

I 
I 
I 
I 
I 
I 
I I 

4364a 
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TABLE G-3.2.3 (b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

CARBON ADSORPTION - WESTERN SYSTEM 

Operation or 
Maintenance 
Requirement 

Carbon Replacement 

Carbon Shipment, 
Round Trip 

Manifesting of Load 

El ectri cal 

Equipment Replacement: 

Pumps 

Other 

Water Sampling and 
Analysis 

Inspection and 
Maintenance 

Basis of Cost 

2,730,000 lbs/yr 
$1 .00/lb 

136 Shipments; 
$10,000/Shipment 

136 Shipments; 
$400/Shipment 

29 kW, Continuous; 
$0.06/kW hr 

3 Pumps Replaced 
Every 5 Years 

Estimate 

Cost 
Es ti mate 

$2,730,000/yr 

$1 ,360,000/yr 

$54,400/yr 

$15,200/yr 

$10,800 

$1 ,800/yr 

2 Samples/Day for $10,100 
1st Week; 2 Samples/wk 
for 12 Weeks; $4,200/yr 
2 Samples/mo thereafter 

One Day, 1 /week; 
$200/day 

$10,400/yr 

Total, Operation and Maintenance Costs $4,176,000/yr 
$5,900 
$10,800 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-37 

$39,389,000 
$51,847,000 
$72,248,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

5, 10, 15, 
20, 25 

1-30 

2-30 

1-30 

1-30 
l 
5, 10, 15, 
20, 25 



------~~ 

I 
I TABLE G-3.2.4 (a) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Carbon Adsorption 2 $140,000 $280,000 
2-Contacter Unit 

I Carbon Transfer $25,000 $25,000 
Tank 

I 
Sumps, 3,000 gallon 2 $3,260 $6,520 

Pumps, 7 HP, 4 $3,000 $12,000 
Centrifugual, Fiberglass 

I 4-Inch PVC 200 ft. $10 .00/ ft. $2,000 
Pipe and Appurtenances 

I 4-Inch Cast Iron Valves 8 $320 $2,560 

I 
Pre-engineered Steel $122,300 $122,300 

Building and Founda-
tion; Complete; 
50' X 90' X 25' high 

I Electrical, Materials Lump Sum $14,400 $14,400 
and Hookup 

I Ins ta 11 at ion: 

Adsorbers Lump Sum $6,000 $6,000 

I Other Lump Sum $2,500 $2,500 

I Shipping: 

Absorbers 2 $10,000 $20,000 

I Other Lump Sum $2,000 $2,000 

I Total, Direct Costs $495,300 

I 
I 

4364a 

I . G-38 
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I 
I TABLE G-3.2.4 (a) (Continued) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Tota 1 

I Indirect Costs 

I Contingency 8 percent of $495,300 $39,600 
Direct Costs 

I State Sa 1 es Tax 7.55 percent $534,900 $40,400 
of Construe-
tion Cost 

I Engineering; Design 5 percent of $495,300 $24,dOO 
Direct Costs 

I Administration; 4 percent of $495,300 $19,800 
Inspection Direct Cost 

I 
Permitting 0.5 percent $495,300 $2,480 

of Direct Cost 

I Tota 1 , Indirect Costs $127, 100 

I TOTAL, CAPITAL COSTS $622,000 

I 
I 
I 
I 
I 
I 
I 

4364a 
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TABLE G-3.2.4 (b) 
OPERATION ANO MAINTENANCE COST ESTIMATES 

CARBON ADSORPTION - EASTERN AREA 

Operation or 
Maintenance 
Requirement 

Carbon Replacement 

Carbon Shipment, 
Round Trip 

Manifesting of Load 

El ectri cal 

Equipment Replacement: 

Pumps 

Other 

Water Sampling and 
Analysis 

Inspection and 
Maintenance 

Basis of Cost 

1,260,000 lbs/yr 
$1.00/lb 

63 Shipments; 
$10,000/Shipment 

63 Shipments; 
$400/Shipment 

17 kW, Continuous; 
$0.06/kW hr 

2 Pumps Replaced 
Every 5 Years 

Estimate 

Cost 
Estimate 

$1 ,260,000/yr 

$630, 000/yr 

$25,200/yr 

$8,940/yr 

$6,000 

$1 , 200/yr 

2 Samples/Day for $10,100 
1st Week; 2 Samples/wk 
for 12 Weeks; $4,200/yr 
2 Samples/mo thereafter 

One Day, 1 /week; 
$200/day 

$10,400/yr 

Total, Operation and Maintenance Costs $1 ,940,000/yr 
$5,900 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-40 

$6,000 

$18,303,000 
$24,091,000 
$33,569,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

5, 10, 15, 
20, 25 

1-30 

1 

2-30 

1-30 

1-30 
l 
5, 10, 15, 
20, 25 
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TABLE G-3. 2. 4 ( b) (Continued) 
OPERATION AND MAINTENANCE COST ESTIMATES 

CARBON ADSORPTION - COMBINED WESTERN AND EASTERN AREAS 

Operation or 
Maintenance 
Requirement 

Carbon Replacement 

Carbon Shipment, 
Round Trip 

Manifesting of Load 

Electrical 

Equipment Replacement: 

Pumps 

Other 

Water Sampling and 
Analysis 

Inspection and 
Maintenance 

Basis of Cost 

3,570,000 lbs/yr 
$1. 00/1 b 

179 Shipments; 
$10,000/Shipment 

179 Shipments; 
$400/Shipment 

36 kW, Continuous; 
$0.06/kW hr 

4 Pumps Replaced 
Every 5 Years 

Estimate 

Cost 
Estimate 

$3,570,000/yr 

$1,790,000/yr 

$71, 600/yr 

$18,900/yr 

$14,400 

$2,000/yr 

2 Samples/Day for $10,100 
1st Week; 2 Samples/wk 
for 12 ·weeks; $4,200/yr 
2 Samples/nn thereafter 

One Day, 1 /week ; 
$200/day 

$10,400/yr 

Total, Operation and Maintenance Costs $5,467,000/yr 
$5,900 
$14,400 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-41 

$51,564,000 
$67,875,000 
$94,583,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

5, 10, 15, 
20, 25 

1-30 

2-30 

1-30 

1-30 
1 
5, 10, 15, 
20, 25 



I 
I TABLE G-3.2.5 (a) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTIOU - COMBINED \:JESTERN AND EASTERN AREAS 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Carbon Adsorption 4 $140,000 $560,000 
2-Contacter Unit 

I Carbo n Transfer $25,000 $25,000 
Tank 

I 
Sumps, 8,500 gallon 2 $5,980 $11,960 

Pumps, 10 HP, 8 $3,600 $28,800 
Centrifugual, Fiberglass 

I 8-Inch PVC 400 ft. $15. 00/ft. $6,000 
Pipe and Appurtenances 

I 8-Inch Cast Iron Valves 16 $800 $12,800 

I 
Pre-engineered Steel 1 $159,300 $159,300 

Building and Founda-
tion, Complete 
110' X 60' X 25' high 

I Electrical, Materials Lump Sum $26,400 $26,400 
and Hookup 

I Installation: 

Adsorbers Lump Sum $10,000 $10,000 

I Other Lump Sum $3,500 $3,500 

I Shipping: 

Absorbers 4 $10,000 $40,000 

I Other Lump Sum $3,000 $3,000 

I Total, Direct Costs $886,800 

I 
I 

4364a 
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I 
I TABLE G-3.2.5 (a) (Continued) 

CAPITAL COST ESTIMATES 
CARBON ADSORPTION - COMBINED WESTERN AND EASTERN AREAS 

I Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 8 percent of $886,800 $70,900 
Direct Costs 

I 
State Sales Tax 7.55 percent $957,700 $72,300 

of Construe-
tion Cost 

I Engineering; Design; 5 percent of $886,800 $44,300 
Direct Costs 

I Administration; 4 percent of $886,800 $35,500 
In spec ti on Direct Cost 

1. 
Permitting 0.5 Permit $886,800 $4,400 

of Direct Cost 

I Total, Indirect Costs $227,400 

I TOTAL, CAP IT AL COSTS $1,114,000 

I 
I 
I 
I 
I 
I 
I 

4364a 

I 
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I 
I TABLE G-3.3.l (a) 

CAPITAL COST ESTIMATES 
OZONE/UV - SOUTHERN AREA, NO RECHARGE 

I Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Ozone/UV l System $277,000 $277,000 
Reactor; Ozonator; 
Air Prep Unit 

I Sumps, 1,000 gallon 2 $1,405 $2,810 

Pumps, 3.3 HP, Fiberglass, 2 $2,100 $4,200 

I Centrifugal 

4-Inch PVC Piping and 100 ft. $10.00/ft. $1,000 

I Appurtenances 

4-Inch Cast Iron Valves 4 $320 $1,280 

I Pre-Engineered Steel $72,700 $72,700 
Building; Complete; 

I 
35'x70'x20' High 

Electrical, Materials Lump Sum $18,900 $18,900 
and Installation, 

I Complete 

Installation and Lump Sum $41,500 $41,500 

I 
Assembly; Complete 

Shipping: 

I Ozone/UV System $4,500 $4,500 

Other Lump Sum $2,000 $2,000 

I Total, Direct Costs $425,900 

I 
I 
I 
I 

4364a 

I 
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I 
I TABLE G-3.3.1 (a) (Continued) 

CAPITAL COST ESTIMATES 
OZONE/UV - SOUTHERN AREA, NO RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 10 percent of $425,900 $42,600 
Direct Cos.t 

I State Sales Tax 7.55 percent $468,500 $35,400 
of Construe-
tion Cost 

I Engineering; Design; 10 percent of $425,900 $42,600 
Pilot Studies Direct Cost 

I Administration; 5 percent of $425,900 $21,300 
Inspection Direct Cost 

I 
Permitting 0.5 percent of $425,900 $2,130 

Direct Cost 

Shakedown 2 percent of $425,900 $8,520 

I Direct Costs 

I Total, Indirect Costs $152,600 

I 
TOTAL, CAPITAL COSTS $578,000 

I 
I 
I 
I 
I 
I 

4364a 
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I 
I TABLE G-3.3.l (b) 

OPERATION AND MAINTENANCE COST ESTIMATES 
OZONE/UV - SOUTHERN AREA, NO RECHARGE 

I 
Operation or 

I 
Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I El ectri city 81 kW continuous; $42,600/yr 1-30 
$0.06/kW hr 

I Equipment Replacment: 

Pumps l Pump replaced $2,100 5, 10, 15, 

I 
every 5 years 20, 25 

UV Lamps 186 Lamps/yr $13,000/yr 1-30 
$70/Lamp 

I Compressor 2 Compressors $2,000 5, 10, 15, 
replaced every 20, 25 

I 
5 years 

Dessicator Replace once/2 yr; $100/yr 1-30 
Chemicals 

I Other Parts Estimate $800 /yr 1-30 

I Ozonator and Filter Once/yr; $1 ,000/yr 1-30 
Cleaning $1,000 

I 
Sampling and 2 Samples/day for $8,925 1 

Analysis 2 weeks; 2 Samples/mo $4,200/yr 2-30 
thereafter; 
$175/Sample 

I Inspection and One day, 1/ week; $10,400 /yr 1-30 
Maintenance $200/day 

I Total, Operation and Maintenance Costs $72, l 00 1-30 
$4,725 l 

I $4,100 5, 1 0, 1 5, 
20, 25 

Present Worth: 

I 10 percent $690,000 
7 percent $907,000 

I 
4 percent $1,263,000 

I 
4364a 

I 
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I 
I TABLE G-3.3.2 (a) 

CAPITAL COST ESTIMATES 
OZONE/UV - SOUTHERN AREA, WITH RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Ozone/UV l System $350,000 $350,000 
Reactor; Ozonator; 
Air Prep Unit 

I Sumps, l ,600 gallon 2 $1,790 $3,580 

I 
Pumps, 5 HP, Centrifugal, 2 $2,400 $4,800 

Fiberglass 

6- Inch PVC Piping and l 00 ft. $12.00/ft. $1,200 

I Appurtenances 

6-Inch Cast Iron Valves 4 $600 $2,480 

I Cooling Water System l $1,200 $1,200 
for Ozonator 

I Pre-Engineered Steel l $101,300 $101,300 
Building; Complete; 
40'x80'x20' High 

I Electrical, Materials 
and Installation; 

Lump Sum $29,400 $29,400 

I 
Complete 

Installation and Lump Sum $52,500 $52,500 
Assembly; Complete 

I Shipping: 

I Ozone/UV System l $5,000 $5,000 

Other Lump Sum $2,000 $2,000 

I Total, Direct Costs $553,500 

I 
I 
I 

4364a 
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I 
I TABLE G-3.3.2 (a) (Continued) 

CAPITAL COST ESTIMATES 
OZONE/UV - SOUTHERN AREA, WITH RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 10 percent of $553,500 $55,300 
Direct Cost 

I State Sales Tax 7.55 percent $608,800 $46,000 
of Construe-
tion Cost 

I Engineering; Design; 10 percent of $553,500 $55,300 
Pilot Studies Direct Cost 

I Administration; 5 percent of $553,500 $27,700 
Inspection Direct Cost 

I Permitting 0.5 percent of $553,500 $2,800 
Direct Cost 

I 
Shakedown 2 percent of $553,500 $11 , 1 00 

Direct Costs 

I Total, Indirect Costs $198,200 

I 
TOTAL, CAPITAL COSTS $752,000 

I 
I 
I 
I 
I 
I 

4364a 

I 
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I 
I TABLE G-3.3.2 (b) 

OPERATION AND MAINTENANCE COST ESTIMATES 

I 
OZONE/UV - SOUTHERN AREA, WITH RECHARGE 

Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I Electricity 124 kW continuous; $65,200/yr 1-30 
$0.06/kW hr 

I Equipment Replacment: 

Pumps 1 Pump replaced $2,400 5, l O, 15, 

I every 5 years 20, 25 

UV Lamps 366 Lamps/yr; $25, 600/yr 1-30 

I 
$70/Lamp 

Compressor 2 Compressors $3,000 5, l O, 15, 
replaced every 20, 25 

I 5 years 

Dessicator Replace once/2 yr; $100/yr 1-30 

I 
Chemicals 

Other Parts Estimate $1 ,000/yr 1-30 

I Ozonator and Filter Once/yr; $1 ,000/yr l -30 
Cleaning $1 , 000 

1. Sampling and 2 Samples/day for $8,925 l 
Analysis 2 weeks; 2 Samples/mo $4,200/yr 2-30 

thereafter; 

I 
$175/Sample 

Inspection and One day, 1 /week; $10, 400/yr 1-30 
Maintenance $200/day 

I 
Total, Operation and Maintenance Costs $107,500 1-30 

I 
$4,725 l 
$5,400 5, l O, 15, 

20, 25 
Present Worth: 

I 10 percent $1,026,000 
7 percent $1,349,000 

I 
4 percent $1,879,000 

I 
4364a 

I G-49 



I 
I TABLE G-3.3.3 (a) 

CAPITAL COST ESTIMATES 

I 
OZONE/UV - WESTERN AREA 

Remediation Feature Quantity Unit Cost Tota 1 

I 
Direct Costs 

I Ozone/UV 1 System $870,000 $870,000 
Reactor; Ozonator; 

I 
Air Prep Unit 

Sumps, 6,500 gallon 2 $5,000 $10,000 

I Pumps, 10 HP, Fiberglass, 6 $3,600 $21,600 
Centrifuga 1 

I 
8-Inch PVC Piping and 300 ft. $15.00/ft. $4,500 

Appurtenances 

8-Inch Cast Iron Valves 12 $800 $9,600 

I Cooling Water System 2 $1,000 $2,000 
for Ozona tor 

I Pre-Engineered Steel $171,400 $171,400 
Building; Complete 

I 
110'x60'x20' High; 

Electrical, Materials Lump Sum $73,200 $73,200 
and Installation; 

I Complete 

Installation and Lump Sum $87,000 $87,000 

I 
Assembly; Complete 

Shipping: 

I Ozone/UV System 1 $10,000 $10,000 

Other Lump Sum $2,000 $2,000 

I Total, Direct Costs $1,261,300 

I 
I 
I 

4364a 
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I 
I TABLE G-3.3.3 (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
OZONE/UV - WESTERN AREA 

Remediation Feature 

I 
Quantity Unit Cost Total 

Indirect Costs 

I Contingency 10 percent of $1,261,300 $126,100 
Direct Cost 

I State Sales Tax 7.55 percent $1,387,400 $104,800 
of Construe-
tion Cost 

I Engineering; Design; 10 percent of $1 , 261,300 $126,100 
Pilot Studies Direct Cost 

I Administration; 4 percent of $1,261,300 $50,500 
Inspection Direct Cost 

I Permitting 0.5 percent of $1,261,300 $6,300 
Direct Cost 

I Shakedown 2 percent of $1,261,300 $25,200 
Direct Costs 

I Tota 1, Indirect Costs $439,000 

I TOTAL, CAPITAL COSTS $1,700,000 

I 
I 
I 
I 
I 
I 

4364a 
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I 
I TABLE G-3.3.3 (b) 

OPERATION AND MAINTENANCE COST ESTIMATES 

I 
OZONE/UV - WESTERN AREA 

Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I Electricity 460 kW continuous; $241 ,900/yr 1-30 
$0.06/kW hr 

I Equipment Replacment: 

Pumps 3 Pumps replaced $10,800 5, 1 a, 15, 

I 
every 5 years 20, 25 

UV Lamps 1 , 365 Lamps/yr $81 , 900/yr 1-30 

I 
$60/Lamp 

Compressor 2 Compressors $5,000 5, 10, 15, 
replaced every 20, 25 

I 5 years 

Dessicator Replace once/2 yr; $1 ,800/yr 1-30 

I 
Chemicals 

Other Parts Estimate $1, 000/yr 1-30 

I Ozonator and Filter Once/yr; $1 ,000/yr 1-30 
Cleaning $1,000 

I Sampling and 2 Samples/day for $8,925 l 
Analysis 2 Weeks; 2 Samples/mo $4,200/yr 2-30 

thereafter; 

I 
$175/Sample 

Inspection and One day, 1/week; $1 a, 400/yr 1-30 
Maintenance $200/day 

I 
Total, Operation and Maintenance Costs $342,200 1-30 

I 
$4,725 l 
$15,800 5, l O, l 5, 

20, 25 .. 
Present Worth: 

I 10 percent $3,254,000 
7 percent $4,283,000 

I 4 percent $5,967,000 

I 
4364a 
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I 
I TABLE G-3.3.4 (a) 

CAPITAL COST ESTIMATES 

I OZONE/UV - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

Direct Costs 

I Ozone/UV l System $563,000 $563,000 
Reactor; Ozonator; 

·1 Air Prep Unit 

Sumps, 3,000 gallon 2 $3,260 $6,520 

I Pumps, 5 HP, Fiberglass, 4 $2,400 $9,600 
Centrifuga 1 

I 8-Inch PVC Piping and 200 ft. $15 .00/ ft. $3,000 
Appurtenances 

I 
8-Inch Cast Iron Valves 8 $800 $6,400 

Cooling Water System 2 $1,200 $2,400 
for Ozonator 

I Pre-Engineered Steel $110,200 $110,200 
Building; Complete; 

I 50'x80'x20' High 

Electrical, Materials Lump Sum $37,200 $37,200 

I 
and Installation; 
Complete 

Installation and . Lump Sum $56,300 $56,300 

I Assembly; Complete 

Shipping: 

I Ozone/ UV Sys tern $8,000 $8,000 

Other Lump Sum $2,200 $2,200 

I 
Tota 1, Direct Costs $804,800 

I 
I 
I 
I 

4364a 
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I 
I TABLE G-3.3.4 (a) (Continued) 

CAPITAL COST ESTIMATES 

I OZONE/UV - EASTERN AREA 

I Remediation Feature Quantity Unit Cost Tota 1 

I 
Indirect Costs 

Contingency 10 percent of $804,800 $80,500 
Direct Cost 

I State Sales Tax 7.55 percent $885,300 $66,800 
of Construe-

I 
tion Cost 

Engineering; Design; 10 percent of $804,800 $80,500 
Pilot Studies Direct Cost 

I Administration; 5 percent of $804,800 $40,250 
Inspection Direct Cost 

I Permitting 0.5 percent of $804,800 $4,025 
Direct Cost 

I Shakedown 2 percent of $804,800 $16, 100 
Direct Costs 

I Tota 1, Indirect Costs $288,200 

I TOTAL, CAPITAL COSTS $1,093,000 

I 
I 
I 
I 
I 
I 
I 4364a 

G-54 
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I 
I TABLE G-3.3.4 {b) 

OPERATION AND MAINTENANCE COST ESTIMATES 
OZONE/UV - EASTERN AREA 

I Operation or 

I 
Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I El ectri city 234 kW continuous; $123, 100/yr 1-30 
$0.06/kW hr 

I 
Equipment Replacment: 

Pumps 2 Pumps replaced $4,800 5, 10, 15, 

I 
every 5 years 20, 25 

UV Lamps 558 Lamps/yr $36,300/yr 1-30 
$65/Lamp 

I Compressor 2 Compressors $3,600 5, 10, 15, 
replaced every 20, 25 

I 
5 years 

Dessicator Replace once/2 yr; $200/yr 1-30 
Chemicals 

I Other Parts Estimate $1 ,400/yr 1-30 

I 
Ozonator and Filter Once/yr; $1 ,000/yr 1-30 
Cleaning $1 , 000 

I 
Sampling and 2 Samples/day for $8,925 1 

Analysis 2 weeks; 2 Samples/mo $4,200/yr 2-30 
thereafter; 
$175/Sample 

I Inspection and One day, 1/week; $10, 400/yr 1-30 
Maintenance $200/day 

I Total, Operation and Maintenance Costs $176,600 1-30 
$4,725 1 

I $8,400 5, 10, 15, 
20, 25 

Present Worth: 

I 10 percent $1,682,000 
7 percent $2,213,000 
4 percent $3,083,000 

I 
I 4364a 

I 
G-55 



11 
I 

I TABLE G-3.3.5 (a) 
CAPITAL COST ESTIMATES 

11 OZONE/UV - COMBINED WESTERN AND EASTERN AREAS 

I Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

Ozone/UV l System $1,084,000 $1,084,000 

I Reactor; Ozonator; 
Air Prep Unit 

I 
Sumps, 8,500 gallon 2 $5,980 $11,960 

Pumps, 10 HP, Fiberglass , 6 $4,000 $24,000 

I 
Centrifugal 

8-Inch PVC Piping and 300 ft. $15.00/ft. $4,500 
Appurtenances 

I 8-Inch Cast Iron Valves 12 $800 $9,600 

I 
Cooling Water System 3 $1,500 $4,500 

for Ozonator 

Pre- Engineered Steel $191 , 500 $191,500 

I Buildin~; Complete; 
65'xl20 x20' High 

I Electrical, Materials Lump Sum $83,100 $83, 100 
and Installation; 
Complete 

I Installation and Lump Sum $108,400 $108,400 
Assembly; Complete 

I Shipping: 

Ozone/UV System $12,000 $12,000 

I Other Lump Sum $3,000 _$3,000 

I Total, Direct Costs $1,537,000 

I 
I 

4364a 
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I 
I TABLE G-3.3.5 (a) (Continued) 

CAPITAL COST ESTIMATES 
OZONE/UV - COMBINED WESTERN AND EASTERN AREAS 

I 
Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency 10 percent of $1,537,000 $153,700 
Direct Cost 

I State Sales Tax 7.55 percent $1 , 691 , 000 $127,600 
of Construe-
tion Cost 

I Engineering; Design; 1 O percent of $1,537,000 $153,700 
Pilot Stu di es Direct Cost 

I Administration; 4 percent of $1,537,000 $61,500 
Inspection Direct Cost 

I 
Permitting 0.5 percent of $1,537,000 $7,700 

Direct Cost 

Shakedown 2 percent of $1,537,000 $30,700 

I Direct Costs 

I Total , Indirect Costs $534,900 

I 
TOTAL, CAPITAL COSTS $2,072,000 

I 
I 
I 
I 
I 
I 

4364a 

I 
G-57 



---~--

I 
I TABLE G-3.3.5 (b) 

OPERATION AND MAINTENANCE COST ESTIMATES 
OZONE/UV - COMBINED WESTERN AND EASTERN AREAS 

I 
Operation or 

I 
Maintenance Cost Years 
Requirement Basis of Cost Es ti mate Incurred 

I El ectri city 588 kW continuous; $309,000/yr 1-30 
$0.06/kW hr 

I Equipment Replacment: 

Pumps 3 Pumps replaced $12,000 5, 10, 15, 

I 
every 5 years 20, 25 

UV Lamps l ,785 Lamps/yr $107, 100/yr 1-30 
$60/Lamp 

I Compressor 2 Compressors $6,000 5, 10, 15, 
replaced every 20, 25 

I 
5 years 

Dessicator Replace once/2 yr; $200/yr 1-30 
Chemicals 

I Other Parts Estimate $2, l 00/yr 1-30 

I Ozonator and Filter Once/yr; $1 ,000/yr 1-30 
Cleaning $1,000 

I 
Sampling and 2 Samples/day for $8,925 l 

Analysis 2 weeks; 2 Samples/mo $4,200/yr 2-30 
thereafter; 
$175/Sample 

I Inspection and One day, 1/week; $10,400/yr 1-30 
Maintenance $200/day 

I Total, Operation and Maintenance Costs $434,000 1-30 
$4,725 1 

I $18,000 5, 10, 1 5, 
20, 25 

Present Worth: 

I 10 percent $4,122,000 
7 percent $5,426,000 

I 
4 percent $7,561,000 

I 
4364a 
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I 
I TABLE G-3.4.1 (a) 

CAPITAL COST ESTIMATES 
HYDROGEN PEROXIDE/UV - SOUTHERN AREA, NO RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Hydrogen Peroxide/UV 1 System $438,000 $438,000 
Reactor; Complete 
\~i th Water Pumps 

I Sumps, 1,000 gallon 2 $1,405 $2,810 

I 
Pre-Engineered Steel 1 $88,200 $88,200 

Building; Complete; 
45'x70'x20' High 

I Electrical, Materials Lump Sum $82,250 $82,250 
and Installation; 
Complete 

I Shipping: 

I 
Reactor System $4,000 $4,000 

Other Lump Sum $1,000 $1,000 

I Total, Direct Costs $616,300 

I 
Indirect Costs 

Contingency 10 percent of $616,300 $61 , 600 
Direct Cost 

I State Sales Tax 7.55 percent $677,900 $51,200 
of Construe-

I tion Cost 

Engineering; Design; 1 O percent of $616,300 $61,600 

I 
Pilot Studies Direct Cost 

Administration; 5 percent of $616,300 $30,800 
Inspection Direct Cost 

I 
I 
I 

4364a 
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I 
I TABLE G-3.4.1 (a) (Continued) 

CAPITAL COST ESTIMATES 
HYDROGEN PEROXIDE/UV - SOUTHERN AREA, NO RECHARGE 

I 
Remediation Feature Quantity Unit Cost Total 

I Permitting 0.5 percent of $616,300 $3,800 
Direct Cost 

I Shakedown 2 percent of $616,300 $12,300 
Direct Costs 

I Tota 1 , Indirect Costs $221,300 

I TOTAL, CAP IT AL COSTS $838,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4364a 

I 
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TABLE G-3 . 4. 1 ( b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

HYDROGEN PEROXIDE/UV - SOUTHERN AREA, NO RECHARGE 

Operation or 
Maintenance 
Requirement Basis of Cost 

El ectri city 620 kW continuous; 
$0.06/kW hr 

Hydrogen Peroxide 34,700 lb/yr 
Supply $1 .00/lb as 100 

percent Hydrogen 
Peroxide 

Equipment Replacment: 

Reactor Parts, 5 percent of Reac-
Including Lamps ti on Sys tern, annually 

Other Parts Estimate 

Sampling and 2 Samples/day for 
Analysis 2 weeks; 2 Samples/mo 

tile re after; 
$175/Sample 

Inspection and One day, 1 /week; 
Maintenance $200/day 

Total, Operation and Maintenance Costs 

Present Worth: 

10 percent 
7 percent 
4 percent 

4364a 
G-61 

Cost 
Estimate 

$326, 100/yr 

$34,700/yr 

$21 , 900/yr 

$800/yr 

$8,925 
$4 ,200/yr 

$10,400/yr 

$398,100 
$4,725 

$3,757,000 
$4,944,000 
$6,888,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

1 
2-30 

1-30 

1-30 
1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

TABLE G-3.4.2 (a) 
CAPITAL COST ESTIMATES 

HYDROGEN PEROXIDE/UV - SOUTHERN AREA, WITH RECHARGE 

Remediation Feature 

Direct Costs 

Hydrogen Peroxide/UV 
Reactor; Complete 
With Water Pumps 

Sumps, 1,500 gallon 

Pre-Engineered Steel 
Building; Complete; 
50'x80'x20' High 

Electrical, Materials 
and Instal l ation; 
Complete 

Shi pp ing: 

Reactor System 

Other 

Total, Direct Costs 

Indirect Costs 

Contingency 

State Sal es Tax 

Engineering; Design; 
Pilot Studies 

Adm i n i s tr at ion ; 
Inspection 

4364a 

Quantity 

l System 

2 

Lump Sum 

Lump Sum 

Unit Cost 

$500,000 

$1 , 790 

$107,800 

$150,000 

10 Percent of $767,900 
Direct Cost 

7.55 Percent $844,700 
of Construc-
tion Cost 

10 Percent of $767,900 
Direct Cost 

5 Percent of $767,900 
Direct Cost 

G- 62 

Total 

$500,000 

$3,580 

$107,800 

$150,000 

$5,000 

$1,500 

$767,900 

$76~800 

$63,800 

$76,800 

$38,400 



I 
I TABLE G-3.4.2 (a) (Continued) 

CAPITAL COST ESTIMATES 
HYDROGEN PEROXIDE/UV - SOUTHERN AREA, WITH RECHARGE 

I 
Remediation Feature Quantity Unit Cost Tota 1 

I Permitting 0.5 percent of $767,900 $3,800 
Direct Cost 

I Shakedown 2 percent of $767,900 $15,400 
Direct Costs 

I Total, Indirect Costs $275.,000 

I TOTAL, CAPITAL COSTS $1,043,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4364a 
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TABLE G-3.4.2 (b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

HYDROGEN PEROXIDE/UV - SOUTHERN AREA, WITH RECHARGE 

Operation or 
Maintenance 
Requirement 

Electricity 

Hydrogen Peroxide 
Supply 

Equipment Replacment: 

Reactor Parts, 
Inc l u ding Lamps 

Other Parts 

Sampling and 
Analysis 

Inspect ion and 
Maintenance 

Basis of Cost 

990 kW continuous; 
$0.06/kW hr 

55,500 lb/yr 
$1 • 00/1 b as 100 
percent Hydrogen 
Peroxide 

5 percent of Reac
tion System, annually 

Estimate 

2 Samples/day for 
2 weeks; 2 Samples/mo 
thereafter; 
$175/Sample 

One day, 1 /week ; 
$200/day 

Total, Operation and Maintenance Costs 

Present Worth: 

10 percent 
7 percent 
4 percent 

4364a 
G-64 

Cost 
Estimate 

$520, 700/yr 

$55, 500/yr 

$25, 000/yr 

$1,000/yr 

$8,925 
$4,200/yr 

$10, 400/yr 

$616,800 
$4,725 

$5,819,000 
$7,658,000 
$10,670,000 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

l 
2-30 

1-30 

1-30 
1 



I 
I TABLE G-3.4.3 (a) 

CAPITAL COST ESTIMATES 

I HYDROGEN PEROXIDE/UV - WESTERN AREA 

I Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

Hydrogen Peroxide/UV 1 System $750,000 $750,000 

I Reactor; Complete 
With Water Pumps 

I 
Hydrogen Peroxide $50,000 $50,000 

Storage Tank and 
Delivery System 

I Sumps, 6,500 gallon 2 $5,000 $10,000 

Pre-Engineered Steel $155,600 $155,600 

I Buildin9; Complete; 
60'x100 x20' High 

I 
Electrical, Materials Lump Sum $225,000 $225,000 

and Installation; 
Complete 

I Shipping: 

Reactor System $8,000 

I , Other Lump Sum $2,000 

I Total, Direct Costs $1,201,000 

Indirect Costs 

I Contingency 10 percent of 
Direct Cost 

$1 , 201 , 000 $120,100 

I State Sales Tax 7.55 percent $1,321,100 $99,700 
of Construe-
tion Cost 

I Engineering; Design; 10 percent of $1,201,000 $120,100 
Pilot Studies Direct Cost 

I Administration; 4 percent of $1,201,000 $48,000 
Inspection Direct Cost 

I 
4364a 

I 
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I 
I TABLE G-3.4.3 (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
HYDROGEN PEROXIDE/UV - WESTERN AREA 

Remediation Feature Quantity Unit Cost Total 

I 
Permitting 0.5 percent of $1,201,000 $6,000 

I 
Direct Cost 

Shakedown 2 percent of $1,201,000 $24,000 
Direct Costs 

I 
Tota 1, Indirect Costs $417,900 

I TOTAL, CAPI TAL COSTS $1,619,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4364a 
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Operation or 
Maintenance 
Requirement 

El ectri city 

Hydrogen Peroxide 
Supply 

TABLE G-3.4.3 {b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

HYDROGEN PEROXIDE/UV - WESTERN AREA 

Cost Years 
Basis of Cost Estimate Incurred 

1,980 kW continuous; $1,041 ,000/yr 1-30 
$0.06/kW hr 

225,500 lb/yr $225 ,500/yr 1-30 
$1 . 00/1 b as 100 
percent Hydrogen 
Peroxide 

Equipment Replacment: 

Reactor Parts, 
Including Lamps 

5 percent of Reac- $37,500/yr 1-30 

Other Parts 

Sampling and 
Analysis 

Inspection and 
Maintenance 

tion System, annually 

Estimate 

2 Samples/day for 
2 weeks; 2 Samples/mo 
thereafter; 
$175/Sample 

One day, 1 /week; 
$200/day 

Total, Operation and Maintenance Costs 

Present Worth: 

10 percent 
7 percent 
4 percent 

4364a 
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$1 ,800/yr 

$8,925 
$4,200/yr 

$10,400/yr 

$1,320,000 
$4,725 

$12,448,000 
$16,384,000 
$22,830,000 

1-30 

1 
2-30 

1-30 

1-30 
1 



I 
I TABLE G-3.4.4 (a) 

CAPITAL COST ESTIMATES 
HYDROGEN PEROXIDE/UV - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I Hydrogen Peroxide/UV 1 System $596,000 $596,000 
Reactor; Complete 
With Water Pumps 

I Hydrogen Peroxide 1 $25,000 $25,000 
Storage Tank and 

I 
Delivery System 

Sumps, 3,000 gallon 2 $3,260 $6,520 

I Pre-Engineered Steel $110,200 $110,200 
Building; Complete 
50'x80'x20' High; 

I Electrical, Materials Lump Sum $163,100 $163, 100 
and Installation, 

I 
Complete 

Shipping: 

I Reactor System 1 $6,500 $6,500 

Other Lump Sum $1,800 $1,800 

' Total, Direct Costs $909,100 

I Indirect Costs 

Contingency 10 percent of $909, 100 $90,900 

I Direct Cost 

State Sales Tax 7.55 percent $1,000,000 $75,500 

I 
of Construe-
tion Cost 

Engineering; Design; 10 percent of $909, 100 $90,900 

I Pilot Studies Direct Cost 

Admi ni s trat ion; 4 percent of $909, 100 $36,400 

I 
Inspection Direct Cost 

I 
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I 
I TABLE G-3.4.4 (a) (Continued) 

CAPITAL COST ESTIMATES 
HYDROGEN PEROXIDE/UV - EASTERN .AREA 

I 
Remediation Feature Quantity Un it Cost Total 

I Permitting 0.5 percent of $909, l 00 $4,500 
Direct Cost 

I Shakedown 2 percent of $909, 100 $18,200 
Direct Costs 

I Total, Indirect Costs $316,400 

I TOTAL, CAPITAL COSTS $1,226,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I TABLE G-3.4.4 (b) 

OPERATION AND MAINTENANCE COST ESTIMATES 
HYDROGEN PEROXIDE/UV - EASTERN AREA 

I Operation or 
Maintenance Cost Years 

I Requirement Basis of Cost Estimate Incurred 

I 
Electricity 1,450 kW continuous; $763,000/yr 1-30 

$0.06/kW hr 

I 
Hydrogen Peroxide 104,100 lb/yr $104, 100/yr 1-30 

Supply $1.00/lb as 100 
percent Hydrogen 
Peroxide 

I Equipment Replacment: 

I 
Reactor Parts, 5 percent of Reac- $29,800/yr 1-30 

Including Lamps tion System, annually 

Other Parts Estimate $1,300/yr 1-30 

I Samp 1 i ng and 2 Samples/day for $8,925 1 
Analysis 2 weeks; 2 Samples/mo $4,200/yr 2-30 

I 
thereafter; 
$175/Sample 

I 
Inspect ion and One day, 1 /week; $10,400/yr 1-30 

Maintenance $200/day 

I Total, Operation and Maintenance Costs $912,800 1-30 
$4,725 1 

·1 Present Worth: 

10 percent $8,609,000 
7 percent $11 , 3 31 , 00 0 

I 4 percent $15,789,000 

I 
I 
I 
I 4364a 
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I 
I TABLE G-3.4.5 (a) 

CAPITAL COST ESTIMATES 

I HYDROGEN PEROXIDE/UV -

COMBINED WESTERN AND EASTERN AREAS 

I 
Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs 

I Hydrogen Peroxide/UV System $809,000 $809,000 
Reactor; Complete 

I 
With Water Pumps 

Hydrogen Peroxide $50,000 $50,000 
Storage Tank and 

I Delivery System 

Sumps, 8,500 gallon 2 $5,980 $11,960 

I Pre-Engineered Steel· $189,500 $189,500 
Building; Complete; 
65'xl20'x20' High 

I Electrical, Materials Lump Sum $292,500 $292,500 
and Installation; 

I 
Complete 

Shi pp ing: 

I Reactor System $10,000 $10,000 

Other Lump Sum $2,000 $2 ,uoo 

I 
Total, Direct Costs $1,365,500 

I Indirect Costs 

Contingency 10 percent of $1,365,000 $136,500 

I Direct Cost 

State Sales Tax 7.55 percent $1,501,500 $113,400 

I 
of Cons true-
tion Cost 

I 
Engineering; Design; 10 percent of $1,365,000 $136,500 

Pilot Studies Direct Cost 

Admi ni s trat ion; 4 percent of $1,365,000 $54,600 

I Inspection Direct Cost 

4364a 

I 
G-71 



I 
I TABLE G-3.4.5 (a) (Continued) 

CAPITAL COST ESTIMATES 

I HYDROGEN PEROXIDE/UV - COMBINED WESTERN AND EASTERN AREAS 

I 
Remediation Feature Quantity Unit Cost Tota 1 

Permitting 0.5 percent of $1,365,000 $6,800 

I Direct Cost 

Shakedown 2 percent of $1,365,000 $27,300 

I Direct Costs 

I 
Tota 1, Indirect Costs $475, 100 

TOTAL, CAP IT AL COSTS $1,840,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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TABLE G-3.4.5 (b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

HYDROGEN PEROXIDE/UV - COMBINED WESTERN AND EASTERN AREAS 

Operation or 
Maintenance 
Requirement 

El ectri city 

Hydrogen Peroxide 
Supply 

Equipment Replacment: 

Reactor Parts, 
Including Lamps 

Other Parts 

Sampling and 
Analysis 

Inspection and 
Maintenance 

Cost Years 
Basis of Cost Estimate Incurred 

2,580 kW continuous; $1 ,357,000/yr 1-30 
$0.06/kW hr 

249,900 lb/yr $249, 900/yr 1-30 
$1. 00/1 b as l 00 
percent Hydrogen 
Peroxide 

5 percent of Reac- $40,450/yr 1-30 
tion System, annually 

Estimate $2,000/yr 1-30 

2 Samples/day for 
2 weeks; 2 Samples/mo 
thereafter; 
$175/Sample 

One day, l /week; 
$200/day 

$8,925 
$4, 200/yr 

$10,400/yr 

l 
2-30 

1-30 

Total, Operation and Maintenance Costs $1,664,000 
$4,725 

1-30 
l 

Present Worth: 

10 percent 
7 percent 
4 percent 

4364a 
G-73 

$1 5 , 6 91 , 000 
$20,653,000 
$28,778,000 



I 
I TABLE G-3.5.l (a) 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING/CARBON ADSORPTION -

WE STE RN AREA 

I Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs 

Air Stripping Tower l $60,000 $60,000 

I Packing Material 597 ft3 $10.00/ft3 $5,790 

Air Blower, Motor, l $3,290 $3,290 

I 
and Appurtenances 
20,000 cfm 

I 
Ductwork 2,000 lb. $3.00/lb. $6,000 

Flexible Connector l $500 $500 

I Air Preheater; l $2,000 $2,000 
Propane Supply 
Equipment 

I Carbon Adsorption, 3 $140,000 $420,000 
2-Contacter Unit 

I Carbon Transfer Tank l $25,000 $25,000 

Sumps, 6,500 gallon 3 $5,000 $5,000 

I Pumps, Fiberglass, 
Centri fuga 1 : 

I Air Stripper - 25 HP 2 $5,400 $10,800 

Carbon Adsorption - 6 $3,600 $21 ,GOO 

I l O HP 

10-inch PVC Piping 400 ft. $15/ft. $6,000 

I 10-i nch Cast Iron Valves 16 $1,050 $16,800 

I 
Pre-engineered Steel $177,800 $177,800 

Building and Foundation, 
Complete 

I 
I 
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I 
I TABLE G-3.5.1 (a) (Continued) 

CAPITAL COST ESTIMATES 

I 
AIR STRIPPING/CARBON ADSORPTION -

WESTERN AREA 

I Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs (Continued) 

Stripping Tower 1 $1,390 $1 , 390 

I 
Foundation 

Electrical, Materials Lump Sum $40,000 $40,000 
and Hookup 

I I n s ta 11 at i on : 

I 
Adsorbers Lump Sum $8,700 $8,700 

Air Stripper Lump Sum $10,000 $10,000 

I Shipping : 

Adsorbers 3 $10,000 $30,000 

I Stripping Tower 1 $6,000 $6,000 

Other Lump Sum $4,000 $4,000 

I 
Total, Direct Costs $860,700 

I 
Indirect Costs 

I Contingency 10 percent of $860,700 $86,100 
Direct Costs 

I State Sales Tax 7.55 percent $946,800 $71,500 
of Construe-
tion Cost 

I Engineering; Design 10 percent of $860,700 $86,100 
Direct Costs 

I Administration; 5 percent of $860,700 $43,000 
Inspection Direct Cost 

I Permitting 1 percent $860,700 $8,600 
of Direct Cost 

I 
4364a 
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I 
I TABLE G-3. 5. l (a) (Continued) 

CAPITAL COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

I WESTERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

Indirect Costs (Continued) 

I Shakedown 2.0 percent of $860,700 $17,200 
Direct Cost 

I Total, Indirect Costs $312,500 

I TOTAL, CAPITAL COSTS $1 , 173,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Operation or 
Maintenance 
Requirement 

Carbon Replacement 

Carbon Shipment, 
Round Trip 

TABLE G-3. 5. 1 ( b) 
OPERATION AND MAINTENANCE COST ESTIMATES 

AIR STRIPPING/CARBON ADSORPTION -
WESTERN SYSTEM 

Cost 
Basis of Cost Estimate 

1,365,000 lbs/yr $1 ,365,00/yr 
$1.00/1 b 

68 Shipments; $680,000/yr 
$10,000/Shipment 

Manifesting of Load 68 Shipments; $27,200/yr 
$400/Shipment 

El ectri city 97.5 kW, Continuous; $51 ,280/yr 
$0.06/kW hr 

Equipment Replacement: 

Pumps 3 10-HP Pumps Replaced $10,800 
Every 5 Years 

1 25-HP Pump Replaced $5,400 
Every 5 Years 

Other 

Water Sampling and 
Analysis 

Estimate 

3 Samples / Day for 
2 Weeks, 
$175/sample 

3 Samples / mo 
thereafter 

Inspection and One Day, 1/week; 
Maintenance $200/day 

Fan Servicing Vendor Quote 

Hypochlorite $100/month 
Treatment of Tower Once/month 

Propane for Air $15,900 gal /yr; 
Preheater; Tank Rental $0.86/gal; 

$65/yr Rental Fee 

4364a 
G-77 

$2,000/yr 

$13,400 

$6 ,300/yr 

$10, 400/yr 

$1,000 

$1 ,200/yr 

$13,700 /yr 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

5, 10, 15, 
20, 25 

5, 10, 15, 
20, 25 

1-30 

2-30 

1-30 

15 

1-30 

1-30 



I 
I TABLE G-3.5. l (b) (Continued) 

OPERATION AND MAINTENANCE COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

I WESTERN SYSTEM 

I 
Total, Operation and Maintenance Costs $2, 157, 100/yr 1-30 

$16,200 5, 10, 15, 
20, 25 

$7,100 l 

I $1,000 15 

· Present Worth: 

I l O percent $20,368,000 
7 percent $26,811,000 
4 percent $37,360,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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TABLE G-3.5.2 (a) 
CAPITAL COST ESTIMATES 

AIR STRIPPING/CARBON ADSORPTION -
EASTERN AREA 

Remediation Feature Quantity 

Direct Costs 

Air Stripping Tower 

Packing Material 

Air Blower, Motor, 
and Appurtenances 
10,000 cfm 

189 ft3 

Ductwork 

Flexible Connector 

Air Preheater; 

2,000 1 b. 

1 

Propane Supply 
Equipment 

Carbon Adsorption 
2-Contacter Unit 

Carbon Transfer Tank 

Sumps, 3,000 gallon 

2 

3 

Pumps, Fiberglass, Centrifugal: 

Air Stripper - 10 HP 2 

Adsorbers - 7 HP 4 

8-inch PVC Pipe and 100 ft 
Appurtenances 

8- i n ch C as t I r on V a 1 v es 4 

6-inch PVC Pipe and 200 ft 
Appurtenances 

6-inch Cast Iron Valves 8 

Preengineered Steel 
Building and Founda
tion; Complete 

4364a 
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Unit Cost 

$32,000 

$10.00/ft3 

$2,060 

$3.00/ lb. 

$500 

$1,800 

$140,000 

$25,00d 

$3,260 

$4,000 

$3,000 

$15.00/ft 

$800 

$12.00/ ft 

$600 

$140,600 

Total 

$32,000 

$1 , 390 

$2,060 

$6,000 

$500 

$1,800 

$280,000 

$25,000 

$9,780 

$8,000 

$12,000 

$1,500 

$3,200 

$2,4UO 

$4,800 

$140,600 



I 
I TABLE G-3.5.2 (a) (Continued) 

CAPITAL COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

I 
EASTERN AREA 

Remediation Feature Quantity Unit Cost Total 

I 
Direct Costs (Continued) 

I Stripping Tower 1 $890 $890 
Foundation 

I Electrical, Materials Lump Sum $24,900 $24,900 
and Hookup 

I Installation: 

Adsorbers Lump Sum $6,000 $6,000 

I Air Stripper Lump Sum $8,000 $8,000 

I 
Shipping: 

Adsorbers 2 $10,000 $20,000 

I Air Stripper $5,000 $5,000 

Other Lump Sum $2,000 $2,000 

I Total, Direct Costs $598,000 

I 
I 
I 
I 
I 
I 
I 4364a 
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I 
I TABLE G-3.5.2 (a) (Continued) 

CAPITAL COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

I 
EASTERN AREA 

Remediation Feature Quantity Unit Cost Total 

I 
Indirect Costs 

I Contingency 10 percent of $598,000 $59,800 
Direct Costs 

I State Sales Tax 7.55 percent $657,800 $49,660 
of Construe-
tion Cost 

I Engineering; Design 10 percent of 
Direct Costs 

$598,000 $59,800 

I Administration; 5 percent of $598,000 $29,900 
Inspect ion Direct Cost 

I Permitting 1 percent of $598,000 $5,980 
Direct Cost 

I 
Shakedown 2 percent of $598,000 $12,000 

Direct Costs 

I Total, Indirect Costs $217,100 

I TOTAL, CAPITAL COSTS $815,100 

I 
I 
I 
I 
I 
I 4364a 
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I 
I TABLE G-3.5.2 (b) 

OPERA TI ON AND MAINTENANCE COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

I EASTERN AREA 

I Operation or 
Maintenance Cost Years 
Requirement Basis of Cost Es ti mate Incurred 

I Carbon Replacement 630,000 lbs/yr $630,000/yr 1-30 
$1 . 00/lb 

I Carbon Shipment, 32 Shipments; $320,000/yr 1-30 
Round Trip $10,000/Shipment 

I 'Manifesting of Load 32 Shipments; $12,800/yr 1-30 
$400/Shipment 

t El ectri city 44 kW, Continuous; $23, l 00/yr 1-30 
$0.06/kW hr 

I Equipment Replacement: 

Pumps 2 7-HP Pumps Replaced $6,000 5, l O, 15, 

I 
Every 5 Years 20, 25 

1 10-HP Pump Replaced $4,000 5, 10, 15, 
Every 5 Years 20, 25 

I Other Estimate $1 ,800/yr 1-30 

I 
Water Sampling and 3 Samples/Day for $13,400 

Analysis 2 Weeks, 

3 Samples/mo $6, 300/yr 2-30 

I thereafter 

Inspection and $10,400/yr One Day, l /week; 1-30 

I Maintenance $200/day 

Hypochlorite $100/treatment, $1,200 1-30 

I 
Treatment of Tower 

Blower Servicing Quote for rebalancing $1,000 1 5 

I Propane for Air 8,200 gal /yr $7,400 1-30 
Preheater; $0.90/gal; 
Tank Ren ta 1 $65/yr rental fee 

I 
I 
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I 
I TABLE G-3.5.2 (b) (Continued) 

OPERATION AND MAINTENANCE COST ESTIMATES 
AIR STRIPPING/CARBON ADSORPTION -

' 
EAST£ RN AREA 

Total, Operation and Maintenance Costs $1 ,013,000/yr 1 -30 

I $10,000 5, 10, 15, 
20, 25 

$1,000 15 

I $7,100 1 

Present Worth: 

I 10 percent $9,573,000 
7 percent $13,974,000 
4 percent $18,672,000 

I 
I 
I 
a 

--
' I 
I 
I 
I 
I 
I 4364a 

I 
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TABLE G-4. 1. l 
CAPITAL COST ESTIMATES 

CREEK OUTFALL - SOUTHERN AREA 

I Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

• 
4-inch Schedule 80 2,340 ft $9.50/ft $22,230 
PVC-Piping and (Installed) 
Appurtenances 

I Crushed Rock Backfill 174 yd3 $·10.00/ yd3 $1,740 

Ea~ements; Yard Lump Sum $3,000 $3,000 

I 
Restoration 

• 
Tota l, Direct Costs $26,970 

Indirect Costs 

I 
Contingency 10 percent of $26,970 $2,700 

Direct Costs 

I 
State Sal es Tax 7.55 percent $29,670 $2,240 

of Construe-
tion Cost 

I Engineering; Design 10 percent of $26,970 $2,700 
Direct Costs 

• Administration; 5 percent of $26,970 $1,350 
Inspection Direct Costs 

I 
Permitting 

NPDES l Permit $4,490 $4,4~0 
Other l percent of $ 270 $ 270 

Direct Costs 

I Total , Indirect Costs $13,750 

• TOTAL, CAPITAL COSTS $40,700 

I 
I 
I 4364a 
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I 
I TABLE G-4. 1.2 

CAPITAL COST ESTIMATES 
RIVER OUTFALL - WESTERN AREA 

I 
Remediation Feature Quantity Unit Cost Tota 1 

• Direct Costs 

I 10-inch PVC 160 ft $19 .00/ ft $3,040 
Piping and (Installed) 
Appurtenances 

• 10-inch PVC 840 ft; $22 .00/ft $18,480 
Piping and 20 percent (Installed) 

I 
Appurtenances slope 

Crushed Rock Backfill 75 yd3 $10.00/yd3 $7 50 

• Roadway Jacking Highway 2: $300. 00/ ft $18,000 
60 ft 

I Energy Dissipator $3,000 $3,000 

Easements Lump Sum $2,000 $2,000 

I , Total, ·Direct Costs $4S,270 

I Indirect Costs 

Contingency 10 percent of $45,270 $4,530 

I Direct Costs 

State Sa 1 es Tax 7.55 percent $49,800 $3,760 
of Cons true-

I tion Cost 

Engineering; Design 10 percent of $45,270 $4,530 

I Direct Costs 

Administration; 5 percent of $45,270 $2,260 

I 
Inspection Direct Costs 

I 
I 
I 
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Remediation Feature 

TABLE G-4. 1.2 (Continued) 
CAPITAL COST ESTIMATES 

RIVER OUTFALL - WESTERN AREA 

Quantity Unit Cost 

Indirect Costs (Continued) 

Permitting 
NPDES 
Other 

Total, Indirect Costs 

TOTAL, CAPITAL COSTS 

4364a 

1 Permit 
1 percent of 
Direct Costs 

G-86 

$ 4,490 
$45,270 

Total 

$4,490 
$ 450 

$20,000 

$65,300 



I 
I TABLE G-4. 1.3 

CAPITAL COST ESTIMATES 
RIVER OUTFALL - EASTERN AREA 

I 
Remediation Feature Quantity Unit Cost Tota 1 

--
I Direct Costs 

• 8-inch PVC 160 ft $15.00/ft $2,400 
Piping and ( I nsta 11 ed) 
Appurtenances 

' 
8-inch PVC 840 ft $18.00/ft $15,120 
Piping and 20 percent (Installed) 

I 
Appurtenances grade 

Crushed Rock Backfill 75 yd3 $10 .00/ yd3 $750 

' 
Roadway Jacking Highway 2: $300. 00/ ft $18,000 

60 ft 

I Energy Dissipater $2,500 $2,500 

Easements Lump Sum $2,000 $2,000 

i Total, Direct Costs $40,770 

i Indirect Costs 

Contingency 10 percent of $40,770 $4, 100 

I 
Direct Costs 

State Sales Tax 7.55 percent $44,800 $3,390 
of Construe-

I tion Cost 

- Engineering; Design 10 percent of $40,770 $4, 100 

I Direct Costs 

Admi ni s trat ion; 5 percent of $40,770 $2,050 

• Inspect ion Direct Cos ts 

I 
I 
M 

-
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Remediation Feature 

TABLE G-4. 1.3 (Continued) 
CAPITAL COST ESTIMATES 

RIVER OUTFALL - EASTERN AREA 

Quantity Unit Cost 

Indirect Costs (Continued) 

Permitting 
NPOES 
Other. 

Total, Indirect Costs 

TOTAL, CAPITAL COSTS 

4364a 

1 Permit 
1 percent of 
Direct Costs 

G-88 

$4,490 
$40,770 

Total 

$4,490 
$ 410 

$18,540 

$ 59,300 



I 
I TABLE G-4. 1.4 

CAPITAL COST ESTIMATES 

I 
RIVER OUTFALL - COMBINED WESTERN AND EASTERN AREAS 

Remediation Feature Quantity Unit Cost Tota 1 

I 
Direct Costs 

I 12-inch PVC 160 ft $22 .00/ ft $3,520 
Piping and (Installedi 

I 
Appurtenances 

12-inch PVC 840 ft $25.00/ft $21,000 
Piping and 20 percent (Installed) 

I Appurtenances slope 

Crushed Rock Backfill 75 yd3 $10 .00/ yd3 $750 

I Roadway Jacking Highway 2: $300. 00/ ft $18,000 
60 ft 

•• Energy Dissipator 1 $3,500 $3,500 

Easements Lump Sum $2,000 $2,000 

I Total, Direct Costs $48,770 

I Indirect Costs 

Contingency 10 percent of $48,770 $4,900 

I Direct Costs 

State Sales Tax 7.55 percent $53,650 $4,050 

I 
of Construe-
tion Cost 

Engineering; Design 10 percent of $48,770 $4,900 

I Direct Costs 

Administration; 5 percent of $48,770 $2,450 
/ Inspection Direct Cos ts 

I 
I 
I , 
I 
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TABLE G-4. 1.4 (Continued) 
CAPITAL COST ESTIMATES 

RIVER OUTFALL - COMBINED WESTERN AND EASTERN AREAS 

Remediation Feature 

Indirect Costs (Continued) 

Permitting 
NPDES 
Other 

Total, Indirect Costs 

TOTAL, CAPITAL COSTS 

4364a 

Quantity 

1 Permit 
1 percent of 
Direct Costs 

G-90 

Unit Cost 

$4,490 
$48,770 

Total 

$4,490 
$ 490 

$21,300 

$70,000 



' I TABLE G-4.l .5 
OPERATION AND MAINTENANCE COST ESTIMATES 

RIVER OUTFALL - ALL AREAS 

I 
Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I Southern Area 

Equipment Replacement 0.5 percent of $ 135/yr 1-30 

I Direct Cost, 
annually 

I Inspection One day, twice/yr; $ 400/yr 1-30 
$200/day 

NPDES Permit Renewal Renewal Fee $ 3,040 5, l O, 15, 

I 20, 25 

I Total, Operation and Maintenance Costs $ 535/yr 1-30 
$ 3,040 5, l O, 15, 

20, 25 

I Present Worth: 

I 10 percent $ 9,600 
7 percent $ 12,800 
4 percent $ 18,000 

I 
I 

Western Area 

Equipment Replacement 0.5 percent of $ 226/yr l-30 
Oi rect Cost, 

I annually 

Inspection One day, twice/yr $ 400 /yr 1-30 

I 
$200/day 

NPOES Permit Renewal Renev,al Fee $ 3,040 5, l O, 15, 

I 
20, 25 

Total, Operation and Maintenance Costs $ 626/yr 1-30 

I $ 3,040 5, l O, 15, 
20, 25 

I 
4364a 

I G- 91 



I 
I TABLE G-4.1 .5 (Continued) 

OPERATION AND MAINTENANCE COST ESTIMATES 
RIVER OUTFALL - ALL AREAS 

I 
Operation or 

I Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I Wes tern Area (Continued) 

Present Worth: 

I 10 percent $ 10,400 
7 percent $ 13,900 

I 4 percent $ 19,600 

Eastern Area 

I Equipment Replacement 0.5 percent of $ 200/yr 1-30 
Direct Cost, 
annually 

I Inspection One day, twice/yr; $ 400/yr 1-30 
$200/day 

I NP DES Permit Renewal Renewal Fee $ 3,040 5, 10, 15, 
20, 25 

I Total, Operation and Maintenance Costs $ 600/yr 1-30 
$ 3,040 5, 10, 15, 

I 20, 25 

I 
Present Worth: 

10 percent $ 10,200 
7 percent $ 13,600 

'I 4 percent $ 19,100 

I 
Combined Western and Eastern Areas 

Equipment Replacement 0.5 percent of $ 240/yr 1-30 
Direct Cost, 

I annually 

Inspection One day, twice/yr; $ 400/yr 1-30 

I $200/day 

I 
4364a 

I G-92 

__J 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE G-4.1 .5 (Continued) 
OPERATION AND MAINTENANCE COST ESTIMATES 

RIVER OUTFALL - ALL AREAS 

Operation or 
Maintenance 
Requirement Basis of Cost 

Combined Western and Eastern Areas (Continued) 

NPDES Permit Renewal Renewal Fee 

Total, Operation and Maintenance Costs 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-93 

Cost 
Estimate 

$ 3,040 

$ 640/yr 
$ 3,040 

$10,600 
$ 14,100 
$19,800 

Years 
Incurred 

5, 10, 15, 
20, 25 

1-30 
5, 10, 15, 
20, 25 



I 
I TABLE G-4.2.1 

CAPITAL COST ESTIMATES 
DRAINFIELD - SOUTHERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

I Direct Costs 

I 6-inch Schedule 80 1,600 ft $13.60/ft $21,760 
PVC Piping and (Installed) 
Appurtenances 

I 6-inch ADS 1,600 ft $ 7.80/ft $12,480 
Drainage Piping (Insta ll ed) 

I Crushed Rock Back f i 11 112 yd3 $10.00/yd3 $1 , 1 20 

Pea Gravel 252 yd3 $10.00/yd3 $2,520 

I Roadway Jacking 40 ft $200.00/ft $ 8,000 

I Total, Direct Costs $45,880 

I 
Indirect Costs 

Contingency 10 percent of $ 45,880 $4,600 
Direct Costs 

I State Sales Tax 7.55 percent $ 50,470 $3,800 
of Construe-

I 
tion Cost 

Engineering; Design 10 percent of $ 45,880 $4,600 
Direct Costs 

I Administration; 5 percent of $ 45,880 $2,300 
In spec ti on Direct Costs 

I Permitting 1 percent of $45,880 $ 460 
Direct Costs 

I Total, Indirect Costs $15,760 

I TOTAL, CAPITAL COSTS $61,600 

I 
I 

4364a 

I G-94 



I 
I TABLE G-4.2.2 

OPERATION AND MAINTENANCE COST ESTIMATES 
DRAINFIELD - SOUTHERN AREA 

I Operation or 
Maintenance Cost Years 

I Requirement Basis of Cost Estimate Incurred 

I Equipment Replacement 0.5 percent of $ 230/yr 1-30 
Direct Cost, 
annually 

I Inspection one day, twice/yr $ 400/yr 1-30 
$200/day 

I Total, Operation and Maintenance Costs $ 630/yr 1-30 

I Present Worth: 

10 percent $ 5,940 

I 7 percent $ 7,820 
4 percent $ 10,900 

I 
I 
I 
I 
I 
I 
I 
I 
I 4364a 

II 
G-95 



I 
I TABLE G-4.3 

CAPITAL COST ESTIMATES 
WATER DISTRIBUTION MANIFOLD FOR RECHARGE WELLS 

I SOUTHERN AREA 

I 
Remediation Feature Quantity Unit Cost Total 

Direct Costs 

I 6-inch PVC Piping 1,700 ft $12 .00/ft $20,400 
and Appurtenances 

I 4-inch PVC Piping 1,700 ft $10.50/ft $17,850 
and Appurtenances 

I Gravel Backfi 11 126 yd3 $10. 00/ yd3 $1,260 

Road,.,,ay Jacking Yale Road $200.00/ft $ 8,000 

I 40 ft 

Easements; Lump Sum $5,000 $5,000 

I 
Yard Repair 

Total, Direct Costs $52,500 

I Indirect Costs 

I Contingency 10 percent of $ 52,500 $5,250 
Direct Costs 

I 
State Sales Tax 7.55 percent $ 57,800 $4,360 

of Construe-
tion Cost 

I Engineering; Design 5 percent of $ 52,500 $2,620 
Direct Costs 

I 
Adm in is tra tion; 5 percent of $ 52,500 $2,620 

Inspection Direct Costs 

I Tota 1, Indirect Costs $14,900 

I TOTAL, CAPITAL COSTS $ 67,400 

I 
I 

4364a 

I G-96 



I TABLE G-5. 1 
OPERATION ANO MAINTENANCE COST ESTIMATES 

MONITORING PROGRAM - SOUTHERN AREA 

I 
Operation or 

I 
Maintenance Cost Years 
Requirement Basis of Cost Estimate Incurred 

I No-Action 

Sampling and Analysis 150 samp 1 es/ yr ; $26, 250/ yr 1-30 

I Sampling, Analysis, 
and Administration 
Cos ts ; $17 5/ samp 1 e 

I 
I 

Total, Operation and Monitoring Costs $26,250/yr 1-30 

Present Worth: 

I 10 percent $247,000 
7 percent $326,000 

I 
4 percent $454,000 

Alternate Water Supply 

I Sampling and Analysis 104 samp 1 es/ yr $18, 200/ yr 1-15 
$17 5/ sample 

I 
208 samp 1 es/ yr $36 ,400/ yr 16-30 
$175/sample 

I Total, Operation and Maintenance Costs $18,200/ yr 1- 15 
$36,400 yr 16-30 

I Present Worth: 

10 percent $213,000 

I 
7 percent $308,000 
4 percent $489,000 

I 
I 
I 

4364a 

I G-97 



I 
I TABLE G-5.1 (Continued) 

OPERATION AND MAINTENANCE COST ESTIMATES 
MONITORING PROGRAM - SOUTHERN AREA 

I Operation or 
Maintenance Cost Years 

I Requirement Basis of Cost Estimate Incurred 

I Extraction, Treatment, and Discharge Alternatives 

Sampling and Analysis 108 samp 1 es/ yr; $18,900/ yr 1-30 

I 
$17 5/ samp 1 e 

I Total, Operation and Maintenance Costs $18,900/ yr 1-30 

I 
Present Worth: 

10 percent $178,000 

I 
7 percent $234,500 
4 percent $326,800 

I 
I 
I 
I 
I 
I 
I 
I 
I 4364a 

I 
G-98 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE G-5.2 
OPERATION AND MAINTENANCE COST ESTIMATES 

MONITORING PROGRAM - WESTERN AREA 

Operation or 
Maintenance 
Requirement 

No-Act ion 

Sampling and Analysis 

Basis of Cost 

75 samp 1 es/ yr; 
$175/sample 

Total, Operation and Maintenance Costs 

Present Worth: 

Alternate Water Supply 

Sampling and Analysis 

10 percent 
7 percent 
4 percent 

32 samp 1 es/ yr ; 
$17 5/ sample 

Total, Operation and Maintenance Costs 

Present Worth: 

10 percent 
7 percent 
4 percent 

Extraction, Treatment, and Discharge Alternatives 

Sampling and Analysis 16 samples/ yr; 
$17 5/ sample 

Total, Operation and Maintenance Costs 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-99 

Cost 
Estimate 

$13, 12 5/ yr 

$13, 125/ yr 

$124,000 
$163,000 
$227,000 

$5,600/ yr 

$5 ,600/ yr 

$52,800 
$69,500 
$96,800 

$2,800/ yr 

$2 ,800/ yr 

$26,400 
$34,700 
$48,400 

Years 
Incurred 

1-30 

1-30 

1-30 

1-30 

1-30 

1-30 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE G-5.3 
OPERATION AND MAINTENANCE COST ESTIMATES 

MONITORING PROGRAM - EASTERN AREA 

Operation or 
Maintenance 
Cost Years 
Requirement Basis of Cost 
Estimate Incurred 

No-Action 

Sampling and Analysis 75 samp 1 es/ yr; 
$17 5/ samp 1 e 

Tota 1, Operation and Maintenance Costs 

Present Worth: 

Alternate Water Supply 

Sampling and Analysis 

10 percent 
7 percent 
4 percent 

104 samples/yr; 
$17 5/ samp 1 e 

Total, Operation and Maintenance Costs 

Present Worth: 

10 percent 
7 percent 
4 percent 

Extraction, Treatment, and Discharge Alternatives 

Sampling and Analysis 104 samp 1 es/ yr; 
$175/sample 

Total, Operation and Maintenance Costs 

Present Worth: 

4364a 

10 percent 
7 percent 
4 percent 

G-100 

$13, 125/ yr 

$13, 125/ yr 

$124,000 
$163,000 
$227,000 

$18, 200/ yr 

$18,200/ yr 

$172,000 
$226,000 
$315,000 

$18,200/ yr 

$18,200/ yr 

$172,000 
$226,000 
$315,000 

1-30 

1-30 

1-30 

1-30 

1-30 

1-30 



I 
TABLE G-6. 1.1 

I CAPITAL COST ESTIMATES 
ALTERNATE WATER SUPPLY - SOUTHERN AREA 

I Remediation Feature 
Quantity Unit Cost 
Tota 1 

I 
Water Supp ly Well, 1 $61,500 $61, sou 

I 5,000-6,000 gpm 

Pumping Station, 2 $156,700 $313,400 

I 
3,000 gpm 

Source Transmission 2 $128,100 $256,200 
Main, Pumping Station 

I Storage Reservoir, 2 $471,0UO $942,0UO 
1. 5 MG 

I Source Transmission 1 $204,800 $204,800 
Main, Reservoir 

I 1 $108,200 $108,200 

Highway 2 Intertie $57,500 $57,500 

I 24-Inch D.I. Pipe and 
Appurtenances 

6,500 ft. $65.00/ ft. $422,500 

I 20-Inch D.I. Pipe and 10,500 ft. $58.00/ft. $609,000 
Appurtenances 

I 18-Inch D.I. Pipe and 
Appurtenances 

2,700 ft. $48.00/ ft. $129,600 

I 
12-lnch PVC Pipe and 

Appurtenances 
49,860 ft. $22.00/ft. $1,097,000 

10-Inch PVC Pipe and 

I Appurtenances 
18,660 ft. $19.00/ ft. $354,500 

8-Inch PVC Pipe and 8,700 ft. $15.0U/ft. $130,500 

I Appurtenances 

6-Inch PVC Pipe and 35,000 ft. $12.00/ft. $42U,000 

I 
Appurtenances 

River Crossings 3 $15,000 $45,000 

I Highway Crossings 3 $20,000 $60,000 

I 4384a 
G-101 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE G-6. 1.l (Continued) 
CAPITAL COST ESTIMATES 

ALTERNATE WATER SUPPLY - SOUTHERN AREA 

Remediation Feature 

PRV Stat ions 

Booster Pumping 
Stations 

Residence Hookup: 

Pipe to Meter; 
Backflow Prevention 
Device; Meter 

Hook up, Meter to 
House 

Total, Direct Costs 

Indirect Costs 

Construction 
Contingency 

State Sal es Tax 

Engineering, 
Inspection, and 
Administration 

Total, Indirect Costs 

TOTAL, CAPITAL COSTS 

4384a 

Quantity 

2 

1 

2,460 

2,460 

10 percent of 
Direct Costs 

7.55 percent 
of Construc
tion Costs 

15 percent of 
Construction 
Cost plus tax 

G-102 

Unit Cost 

$10,000 

$120,000 

$1 , 100 

$1 , 720 

$12,289,000 

$13,518,000 

$14,539,000 

Total 

$20,000 

$120,000 

$2,706,000 

$4,231,000 

$12,289,000 

$1,229,000 

$1,021,000 

$2,181,000 

$4,431,000 

$16,720,000 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE G-6.1.2 
CAPITAL COST ESTIMATES 

ALTERNATE WATER SUPPLY - SOUTHERN AREA 
WITH EXTRACTION, TREATMENT, AND DISCHARGE SYSTEM 

Remediation Feature Quantity Unit Cost 

Direct Costs 

Water Supply Well, $61,500. 
5,000-6,000 gpm 

Pumping Station, l $156,700 
3,000 gpm 

Source Transmission $128,100 
Main, Pumping Station 

Storage Reservoir, $471,000 
l. 5 MG 

Source Transmission $204,800 
Ma in, Reservoir 

Highway 2 Intertie l $57,500 

6-inch PVC Piping 3,200 ft $12. 00/ ft 

Residence Hookup: 

Pipe to Meter; 45 $1 , l 00 
Backflow Prevention 
Device; Meter 

Hookup, Meter to 45 '$1 , 7 20 
House 

Total, Direct Costs 

4384a 
G-103 

Total 

$61,500 

$156,700 

$128,100 

$471,000 

$204,800 

$57,500 

$38,400 

$49,500 

$77,400 

$1,245,000 



I 
I TABLE G-6.1.2 (Continued) 

CAPITAL COST ESTIMATES 

I 
ALTERNATE WAT~ SUPPLY - SOUTHERN AREA, 

WITH EXTRACTION, 'EATMENT, AND DISCHARGE SYSTEM 

I Remediation Feature Quantity Unit Cost Tota 1 

I 
Indirect Costs 

Contingency 10 percent of $1,245,000 $124,500 
Direct Cost 

I State Sal es Tax 7.55 percent $1,369,000 $103,400 
of Construe-

I 
tion Costs 

Engineering; 15 percent of $1,473,000 $220,900 
Adm i n i s tr at i o n ; Construction 

I Inspection Cost and Tax 

I Total, Indirect Costs $448,800 

I 
TOTAL, CAP IT AL COS TS $1,694,000 

I 
I 
I 
I 
I 
I 
I 
I 

4384a 

I G- 104 
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TABLE G-6. 2 
CAPITAL COST ESTIMATES 

ALTERNATE WATER SUPPLY - WESTERN AREA 

Remediation Feature 

Water Supply Well, 
5,000-6,000 gpm 

Pumping Station, 
3,000 gpm 

Source Transmission 
Main 

24-Inch D.I. Pipe and 
Appurtenances 

20-Inch D.I. Pipe and 
Appurtenances 

12-Inch PVC Pipe and 
Appurtenances 

6-Inch PVC Pipe and 
Appurtenances 

Quantity 

6,500 ft. 

4,260 ft. 

18,900 ft. 

4,800 ft. 

Booster Pumping Station 2 

PRV Stations 

River Crossings 

Residence Hookup: 

Pipe to Meter; 
Backflow Prevention 
Dev ice; Meter 

Hookup, Meter to 
House 

Total, Direct Costs 

4384a 

2 

l 

65 

65 

G-105 

Unit Cost 

$61,500 

$156,700 

$128,000 

$65.00 ft. 

$58.00 ft. 

$25.00 ft. 

$12.00 ft. 

$60,000 

$10,000 

$15,000 

$1 , 100 

$1,720 

Tota 1 

$61,500 

$156,700 

$128,100 

$422,500 

$247, 100 

$472,500 

$57,600 

$120,000 

$20,l.)00 

$15,000 

$71,500 

$111,800 

$1,884,000 



I 
I TABLE G-6.2 (Continued) 

CAPITAL COST ESTIMATES 
ALTERNATE WATER SUPPLY - WESTERN AREA 

I 
Remediation Feature Quantity Unit Cost Tota 1 

I Indirect Costs 

I Construct ion 20 percent of $1,884,000 $378,000 
Contingency Direct Cost 

I State Sales Tax 7.55 percent $2,262,000 $171,000 
of Construe-
t ion Costs 

I Engineering, Inspection, 15 percent of $2,433,000 $365,000 
and Administration Construction 

Cost and Tax 

I 
Total, Indirect Costs $914,000 

I TOTAL, CAPITAL COSTS $2,798,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 

4384a 

I G-106 
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TABLE G-6.3 
CAPITAL COST ESTIMATES 

ALTERNATE .WATER SUPPLY - EASTERN AREA 

Remediation Feature 

PRV Station 

12-Inch PVC Pipe and 
Appurtenances 

10-Inch PVC Pipe and 
Appurtenances 

8-Inch PVC Pipe and 
Appurtenances 

6-Inch PVC Pipe and 
Appurtenances 

Residence Hookup: 

Pipe to Meter; 
Backflow Prevention 
Device; Meter 

Hookup, Meter to 
House 

Total, Direct Costs 

4384a 

Quantity 

1 

2,670 ft. 

9,865 ft. 

12,260 ft. 

13,060 ft. 

106 

106 

G-107 

Unit Cost 

$10,000 

$22.00/ft. 

$19.00/ft. 

$15.00/ft. 

$12.00/ft. 

$1 , 100 

$1,720 

Total 

$10,000 

$58,740 

$187,400 

$184,000 

$156,700 

$116,600 

$182,300 

$895,700 



I 
I TABLE G-6.3 (Continued) 

CAPITAL COST ESTIMATES 
ALTERNATE WATER SUPPLY - EASTERN AREA 

I Remediation Feature Quantity Unit Cost Total 

I Indirect Costs 

I Contingency l O percent of $895,700 $89,600 
Direct Cost 

I 
State Sales Tax 7.55 percent $985,300 $74,400 

of Construe-
tion Cost 

I Engineering, Inspection, 15 percent of $1,060,000 $159,000 
and Administration Construct ion 

Cost plus Tax 

I Total , Indirect Costs $323,000 

I TOTAL, CAPITAL COSTS $1,219,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 

4384a 

I 
G-108 



I 
I TABLE G-6.4 

CAPITAL COST ESTIMATES 
EXISTING COLBERT EXTENSION 

I Remediation Feature Quantity Unit Cost Total 

I Direct and Indirect Costs 

I 16-inch Transmission Lump Sum $424,250 $424,250 
Main 

I 
12-inch Transmission Lump Sum $586,440 $586,440 

Main 

6-inch and 8-inch Lump Sum $187,630 $187,630 

I Distribution Lines 

Pumping Station Lump Sum $137,320 $137,320 

I and Contra 1 s 

Land and Easements Lump Sum $18,080 $18,080 

I Adm i n i s tr at ion Lump Sum $610 $610 

Engineering and Lump Sum $142,170 $142,170 

I Inspection 

Household Hookups 24 $104,300 $104,300 

I 
(B. Austin Records) connections ( tot a 1) 

Other Hookups 18 $2,720 $48,960 
connections 

I (Estm.) 

I TOTAL, CAPITAL COST $1,GSO ,000 

I 
I 
I 
I 
I 

4384a 

I 
G-109 



I 
TABLE G-6.5 

I OPERATION AND MAINTENANCE COST ESTIMATES 
ALTERNATE WATER SUPPLY ALTERNATIVES 

I Operation or Years 
Maintenance Requirement Basis of Cost Cost Estimate Incurred 

I Southern Area 

I 
Water Supply, Current Operation $80,300/yr 1-30 

Total Operation and Maintenance 
and Maintenance Cost for Colbert 

I 
Extension, scaled 
to southern system: 
0.0048 x total 
capital cost 

I 
I 

Total, Uperat ion and Maintenance Costs $80,300/yr 1-30 

Present Worth: 

I 10 percent $757,000 
7 percent $Y96,000 
4 percent $1,38Y,UOO 

I Southern Area - Extraction, Treatment, 
and Discharge Alternatives 

I Water Supply, Colbert Extension, $8, 130/yr 1-30 
Total Operation scaled to southern 
arid Maintenance system 

I 
I 

Total, Operation and Maintenance Costs $8, 130/yr 1-30 

Present Worth: 

I 10 percent $76,600 
7 percent $100,900 
4 percent $140,600 

I 
I 
I 
I 4384a 

G-1 l 0 

I 



I 
TABLE G-6.5 (Continued) 

I OPERATION AND MAINTENANCE COST ESTIMATES 
ALTERNATE WATER SUPPLY ALTERNATIVES 

I Operation or 
Maintenance Cost Years 

I 
Requirement Basis of Cost Estimate Incurred 

Western Area 

I Water Supply, Colbert Extension, $13,600/yr 1-30 
Tota 1 Operation scaled to western 

I 
and Maintenance system 

Total, Operation and Maintenance Costs $13,600/yr 1-30 

I Present Worth: 

10 percent $128,200 
7 percent $168,800 
4 percent $235,200 

I Eastern Area 

Water Supply Colbert Extension, $12,900/yr l -3U 

I Total Operation scaled to eastern 
and Maintenance area 

I Total, Operation and Maintenance Costs $12,900/yr 1-30 

Present Worth: 

I 10 percent $121,600 
7 percent $160,100 

I 4 percent $223,100 

Existing Colbert Extension 

I Water Supply, Current Costs $8,000/yr 1-30 
Total Operation 
and Maintenance 

I 
Total, Operation and ~la i ntenance Costs $8,UOO/yr 1-30 

I Present Worth: 

I 
10 percent $75,400 
7 percent $99,300 
4 percent $138,300 

I 4384a 
G-111 

I 




